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PREFACE 


TIk* aim atul idea! in this lujok, as slated in the preface tn the 
iirst ediliniu is to set forth the history, practice and philosophy 
ot metallnr^^yv in a brief, clear manner. The pritnary (»hject was 
to supplement a ctuirse of lectures given to engineering students, 
hut further tlu)ught and consultation with other teachers con- 
vinced me that there was need for an elementary treatise on 
metallurgy in many .\merican colleges. 

livery teacher knows that Ins most ardent and painstaking 
efforts will he futile if he fails to enlist the student’s interest. 
A ])ook may he far from profound and rudimentary to a fault, 
hut nevertheless, successful if it presents fumlanumtal subjects 
in a style that arouses interest ami, therefore, commands at- 
tention. Aside from the preretfuisites of accuracy and clearness 
class ro(mi hooks should he readable and well balanced. In ele- 
ment.ary courses the text should ])e used from cover to cover, 
and the expediency of omitting certain cha])ters or articles should 
not he felt from either the academic or the technical point of 
view. The beginner needs pers])ective rather than detail. hrea<lth 
rather than depth, and when given a view of the subject as a 
whole and showii something of its meaning Ins mind will submit 
more willingly, if not zealously, to abstraction and detail. No 
criticism is ma<Ie of tajinpendiums or of texts in which suljjects 
are dealt with exhaustively, d'hese have their indis]H‘nsahle 
places in special cour.ses ami as works of reference. 

1Te criticisms oi tite first edition of this hook have been care- 
fully weighed. While adhering to the original ideal, the effort 
has been made to improve the text in every way possible, ami 
to make it more useful. A number of cltapters have been re- 
written, many new illustrations liave lieen added, and the book 
as a whole is somewhat enlarged. 

I take [deasure in acknowledging my indebtedness to all who 
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have co-operated with me, or from whom I have, consciously or 
unconsciously, derived assistance. I have endeavored to justify, 
in a larger measure, the favorable opinions and confidence 
awarded the first edition of this work. 

Easton, Pa., 

January, 1914. 


II. W. 
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INTRODUCTION 

'I'hc science of Mctallurj^y treats of the properties of the metals 
and of the processes hy which they are prepared from their ores* 
The science further includes a study of the ores» fuels and all 
the materials used in metallurj^ical industries, together with the 
structures and machinery employed. 

Metallurgical processes are essentially chetnical. d'he metals 
generally occur in such stable com])inations as to require reacting 
substances and often the powerful agency of heat to bring about 
their separation and purification. As viewed^Ahis light, metal- 
lurgy might he classed as a branch of indust!%l'|diemistry. Tlie 
industry has, however, grown to such enornio^^ 'proportions, and 
is so closely linked with other branches of engf^^ing, as to war- 
rant its being studied as a separate branch. t 

An understanding of the physical and chenMi^ pft^)er|||s of 
the metals, fuels and refractory materials is esse^Sw to^hbe igrtttal- 
lurgist, and he must also familiarize himself yachlfl^ry, 

which has come to play so important a part in lS4^eri|c|)ractice. 
With these facts in view, the principles upon vvh^pIbJhie^Jurgical 
oi)erations in general are conducted are laid dowt|J^thiJ»pening 
chapters of this treatise, and a special study is mlp^if fu^ 
and refractory earths, the construction of furnacltr’^d 
tion. It is the aim throughout this book to sliow 
of scientific principles in winning the useful metil^*jmd whfe^ 
much of the matter is necessarily descriptive, it the end 

stated that the student’s attention is csiiecially c; 


THE PHYSICAL PSOPERTIES OP THE UElixS. 

The value of metals ilcpcmls almost entirely upon their phys- 
ical jjroperties. Their great strength and rigidity, together with 
their pleasing apiiearanee, have commended them for economic 
and ornamental 'uses from the earliest times. To the manufac- 
turers of to-day, who supply the markets with the useful metals, 
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a knowledge of these properties, and of the ways in which they 
may be developed and improved, is indispensable. Some of these 
are well known as characteristics of all the common metals, while 
others are observed only when the metal is subjected to peculiar 
conditions. The subject is taken up here in a general way, and 
the properties are carefully defined without reference to any 
specific metal. As the individual metals are studied, reference 
will be made to their characteristics and acquired properties. 

Fracture. — The fracture, or appearance of the freshly broken 
surface of a metal, is to some extent an index to its other proper- 
ties. Each metal has its characteristic fracture, and the same 
metal under varying conditions of purity and mechanical treat- 
ment presents fractures differing accordingly. In some instances 
the quality of a metal may be inferred, and an approximate esti- 
mate made of the amount of impurities it contains, by simply 
examining its fracture. 

Wlien metals cool from a state of fusion, like most other solidi- 
fying substances, they tend to form crystals. But the conditions 
attending the cooling of metals do not, as a rule, permit of any 
high degree of crystallization. As seen by the naked eye, the 
structure appears granular in most instances, but upon polishing 
and carefully etching a surface, the crystalline structure may be 
seen with the aid of a microscope. The^ structure of metals, as 
shown by their fracture, is affected by any impurities present, by 
heat treatment and by such mechanical treatment as hammering 
or rolling. 

Tenacity. — By tenacity is meant the property of resisting a ten- 
sile or stretching force. The extent to which a metal will resist 
being pulled apart is termed its tensile strength. The tenacity of 
metals varies with the composition, temperature and treatment, 
and is improved in most metals by the addition of certain other 
elements in the proper proportions. It is of greatest importance 
in metal that is used for structural purposes. It is one of the 
few properties which can be determined quantitatively, and for 
which an absolute mathematical expression can be obtained. 
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Elasticity." Any siihsluncc which is capable i)f rctuniin.u In its 
original form and size after heinj^f distorted is said to be elasliia 
A substance that is perfectly elastic will retain this projK-rty after 
hein^^ distorted an inlinite number of times, bitjuids ami , teases 
are perfectly elastic, hut solitls are not. It is a well known I act 
that metal sprinj^’s, after lon^^* usafj;’e become “set,” tlunr orii^inal 
siiai)e heinfj;; ])ermanently .altered, (llass is shown to Ik* clast ii- 
by bendin]:^ a straij^iit rod, which will reni.ain straight afterwar<l. 
If, Iiowever, the rod is sup])orted at the ends in a hori/ontal 
position, with a weight attaclual at the middle, and allowed to 
remain for a few weeks, it will be permanently bent. 

When the elasticity of a metal has been destroyed to such an 
extent that it shows little or no tendency to return to its original 
form it is said to be plastic. Some metals, such as lead and 
gold, are naturally i)lastic. 'I'he.se are less of the nature of true 
solids. 

The extent to which a metal can be stretched or cotnpressed 
without rupture is termed its clastic limit. 'Phis value may 1 h^ 
mea.sured and ex])ressed numerically as the tuiits of force neces- 
sary to rupture a bar, the area of whose cross-section is given. 
If the composition of the bar is homogeneous, ami it is of uni- 
form thickness between the points at which the force is a]>plied, 
e([ual additions of force will produce ec|ttal elongations or de- 
prc.ssions, until tlie elastic limit is reached. 

The .spring balance serves to illustnite the above statement. 
The pointer, tnoving over a .scede or dial, is attachetl to, or 
operated l)y the loo.se eml of a spring. The otlier end (d* the 
spring being fastened, it is compressed or stretched when wi’ights 
are |)laced on the pan, I'he pointer is seen to move equal tlis - 
tances for ccptal additional weights. 

hVom wliat has l)een said it is clear that the amottnt of ftu’cc 
re(|uired to produce any elongation, witliin the elastic limit, am 
he estimated, provided it is known how much is retjuired to 
l)n>ditce a given elongation. If the elasticity remained perfect, 
the force necessary to double the length of a bar is termed its 
modtdtis of elasticity, vSuppose, for example, that a bar tjf steel 
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is stretched from eight inches to 8.03 inches by a force of 126,000 
pounds. The modulus of elasticity would be — 

0.03 : 8 :: 126,000 : x, or 33,600,000 pounds. 

This value is, of course, purely theoretical, as no metal has so 
high a limit of elasticity. 

Toughness and Brittleness. — The resistance which a metal of- 
fers to being pulled apart after its elastic limit has been reached 
is due to toughness. The tough metals are scarcely elastic— if 
either one of these properties is developed in a metal, it is usually 
done at the expense of the other. As a rule, metals are toughest 
when in the pure .state. 

The brittle metals are those which, relatively speaking, are 
neither malleable nor ductile. Such metals are usually hard, but 
can be easily broken, and in some cases powdered under a ham- 
mer. Brittleness is opposed to toughness, and is rarely desired in 
any metal. It is influenced chiefly by foreign elements, but it 
frequently develops where strains are applied in different direc- 
tions, or in metal that is subjected to violent shocks. Changes 
in temperature have a marked effect upon the brittleness of 
metals. The best way to remove brittleness is by annealing. 

Malleability and Flow. — Metals which can be permanently ex- 
tended by pressure without fracture are termed malleable. De- 
gree of malleability is shown by the thinness of the sheet into 
which the metal can be hammered. As a rule, this property is 
most perfect in a metal when it is pure, and it generally increases 
with temperature to a certain limit. In this connection the rela- 
tion of temperature to physical properties in metals is most 
remarkable. While malleability is generally increased with each 
increment of temperature, the brittle or granular state is devel- 
oped in most metals before the fusion point is reached. Co- 
hesiveness is so far diminished in some metals that they will 
crumble to powder under a blow. The term flow relates to the 
molecular movements of metals in the solid state. With the 
exception of mercury, none of the metals flow in the usual 
sense of the term, but all of them become mobile under sufficient 
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pressure, /. e,, they How us viscid liciuids do. If hardness or 
elasticity is developed in a metal, its mallea]>ility is diminished. 
It is chieliy upon this properly that the processes of rolUni^’ aiul 
liammerin|>^ depend. 

/onv/h/f/.- -This term relates to all operalious in which the 
shape of metals is altered by pressure. These include rollin|», 
hammerin|j^ and pressinj^. When the metal is sluipcd between dies 
the operation is known as die or drop forgiu|^, depeiidinf»' uj)on 
the manner in which the force is applie<L 'Phe more malleable 
metals will flow into the smallest intenstices of the dies and yield 
I)erfect impressions. Such metals and alloys are used in coin 
striking. The property of flow may he taxed still further by 
causing a metal under great pressure to flow from an aperture. 
Lead pipe is made by pressing a solid block of lead which has 
been cast into a stout cylinder. The opening through wliich the 
lead flows has the outside diameter of the pii>e, ami in this open - 
ing a mandrel is centered, corre.sponding to the inside diameter. 

Ductility.-- The ductile metals arc those which are capable of 
being drawn into wire. The property of ductility depends mostly 
upon tenacity, malleability and toughness. It will be seen by 
referring to the table (p. 8) that the malleable metals are tlie most 
ductile. Most metals show great changes in their ductility with 
changes in temperature. 1'hc property is im|)roved by annealing. 

Hire - Wire is made by drawing a bar of metal, 

somewhat larger in diameter than tlie residting wire, through 
funnebsbaped holes in dies of hard steel. A number of tlies may 
be employed, depending upon the size to whicli the wire must be 
reduced. 'I'hc end of the fiar is first sharpened until it will pass 
through the openings, and is gripped by the forceps of the ma- 
chine. Tlie pressure that is brought to hear liy the funnel shaped 
holes is about the same in efTect as that of rolling, while the 
stretching force comiiels extension in the one direction. The 
tenacity of the finished wire is tried, since it sustains the entire 
drawing force. 

Ih'pe lirawing and spinning are operations in which both 
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malleability and ductility are essential, and serve to illustrate 
the different ways in which the principles may be applied. 

Fusibility and Volatility. — ^All the metals are fusible and all 
are volatile. Some are infusible, and but few are volatile at 
ordinary furnace temperatures. The metals of commerce may 
have much lowered melting points, due to impurities. In all 
processes for extracting metals by smelting, advantage is 
taken of their fusibility. It is of importance to know the melting- 
points of metals, and as well their behavior in the liquid state, -in 
connection with the foundry industries. 

Diffusion and Liquation. — Most metals have the property of 
forming homogeneous mixtures with other metals. This is known 
as the alloying property or the property of diffusion, and the 
mixtures are called alloys. Some metals alloy in all proportions, 
while with others it is very difficult to bring about any union at 
all. It has been found possible to develop properties in alloys to 
a degree which has never been attained with any single metal. 
As might be supposed, some of the properties of alloys are in- 
termediate between those of the constituent metals, but this is 
not true of all. 

It is generally understood that metals diffuse only when one 
or both are in the liquid .state, but it is possible with moderate 
pressure to make plastic metals diffuse slightly, and under enor- 
mous pressure the more brittle metals may unite. This obviously 
makes use of the flowing property. Some metals, having prac- 
tically no alloying affinity will, upon cooling from a fused mix- 
ture, separate more or less completely into layers according to 
their specific gravities. This is called liquation, and is the op- 
posite of diffusion. The solubilities of the different components 
for each other vary with the temperature, and therefore alloy.s 
change in composition while cooling in almost all instances. This 
subject is further discussed in Chapter XXIX. 

Welding. — This is the property of uniting without fusion. 
The requirements for welding are that the pieces to be united 
shall be in a plastic condition, fairly pure, and the faces to come 
in contact clean. Enough pressure must be applied to bring the 
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inokvulcs intt) intimate contact. A hard metal may be welded 
by heating it until it becomes jdastic. If a coatinj^' of oxide 
forms, it must be removed. As a rule, the pieces to be welded 
must be of the same kind of metal, h'xceptions are femnd with 
iron and platinum, lead and tin and some others. 

Occlusion. I >y tliis term is meant the absorption and retention 
of ^^'ls. The property varies greatly with the metals, ami the 
same metal absorbs different (juantities of the ditTerent j^ases. 
As a rule, ^nises are dissolved most freely when the metal is pure, 
and in the molten slate. C )n cooling most of the gas is tlis 
charged, often producing the effect of boiling, wdtile some is 
retained as accumulated hubl)les (“blow-holes”) under the hard- 
ening surface, or held by the metal in '‘solid solution,” d'he phys- 
ical ])roperties in general are known to be airected in metals by 
occlusion. 

Conductivity. The metals are the best conductors of heat and 
electricity, h'he extended u.se of the electric current lias led to 
the im]irovetnent of the conductivity of the metals used in the 
transfer of power. The projierty is natch altered by the ])res» 
ence of im])urities, only a trace in some instances affecting it. 
C'onductivity varies inversely with the temperature of the metal. 

Magnetism. Idle magnetic property of iron lias hmg been 
known anti stuciied. It has lieen discovered in some other metals 
and alkiys, hnt it is nuieh weaker in these and is not of practical 
value. It is aHVeted by impurities and temperature. 

Density. ( )ne of the distinguishing features of metallii' snb* 
stances is their stiperior density, or sped lie gravity. While it is 
true tliat metals, taken as a cla.ss, are heavier than tither sub- 
stances. there are excetUions, and there is no relationship between 
the <lensity and the other [iroperties of metals, d'his property 
is made use of iu practically all processes of metal extraction. 

ddie following gnm|)s show (he orders of tenacity, malleahility, 


and ductility: 

Tk.nacitv. 



i Steel 

4 Copper 

7 

Zinc 

2 Nickel 

5 Ahunimun 

8 

Tin 

3 Iron 

6 Gold 

9 

Lend 
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MaI^IvEABIIvITY. 


I 

Gold 

5 Tin 

8 

Zinc 

2 

Silver 

6 Platinum 

9 

Iron 

3 

Copper 

7 Lead 

lO 

Nickel 

4 

Aluminum 

Ductility. 



I 

Gold 

5 Iron 

8 

Zinc 

2 

Silver 

6 Nickel 

9 

Tin 

3 

Platinum 

7 Copper 

lO 

Lead 


4 Aluminum 

TESTING METALS 

Most of the metal that comes on the market is bought under 
certain specifications relative to its physical properties. These 
properties are largely interpreted from chemical analysis, but in 
many instances mechanical testing is required. By this means 
the effort is made to subject a piece of the metal, representing the 
whole, to strains similar to th^se encountered in actual service, 
the force applied being measured, and its effect upon the test- 
piece noted. 

Tensile Testing. — This is performed by subjecting a bar to a 
direct pull in a machine which measures the force exerted. The 
specimen is actually pulled asunder if the ultimate strength is to 



Fig. I.— Test Pieces. 


be determined. Fig. i represents a tensile specimen before and 
after it is broken. The size and shape of these bars is not fixed, 
but is varied to meet different requirements. The bar is turned 
on a lathe to a uniform diameter, which is accurately measured 
with a micrometer. Punch marks are made at the points AA, 
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which arc usually from two to ci^ht inches apart. The bar is 
grasped by the machine at the points B B. After the bar has 
])een ])r()ken, measurements are again taken of the length and 
the diameter at the point of fracture, to ascertain the elongation 
and contraction. 

The construction of a testing machine is shown in’h'ig. 2. The 



Fig. a.-- Eichlig, Hundftrd Testing Machine. 

base of llie macliine consists of a substantial, cast iron box, M, 
enclosing tlie driving mechanism. The power is transmitted by 
geariiig to the two large screws, one of which is visilde, R. By 
turning tltese screws the pulling head is moved. The top and pull- 
ing lieads, I I, are fitted with threaded sockets or special holders 


10 


MKTALIvUKGV 


for the specimens. The top head is siipi)ortcd on two cast iron 
columns which are bolted to the weighing table, T. 'I'hc table 
rests upon the two main levers of the weighing mechanism. ( )nc 
of the levers is enclosed within the othei% A, and each lever 
branches into a Y to give a broad support for the table. The 
friction at the points of support is minimized throughout the 
weighing apparatus by the use of steel knife edges resting on 
steel plates. The intermediate lever, H, and its connection with 
the main lever and the beam, C, arc clearly shown in tlie cut. 
With this system of levers the strain exerted upon the specimen 
may be counterbalanced l)y moving the weight, W, along the 
beam. The stress is measured in pounds or kilograms which are 
marked on the beam. 

Transverse tests may be made by aid of the V-sliaped tools, one 
of which is shown attached to the under side of the pulling head 
and the other two set up on the weighing table. 'I'he tools upon 
the table ai*e set at equal distances from the middle, and the 
specimen is supported on these in the horizontal position. The 
pulling head is lowered upon the .si)ecimcn until it is sufliciently 
bent or broken. 

Crnsliing tests are made by placing the si)ecimen between two 
dies, one of which rests upon the center of the tal)le and the other 
is attached to the pulling head. 

Elastic Limit. — This value is usually found in connection with 
the tensile test. If the stretching force is applied at a constant 
rate and a counterbalance on the beam is maintained a sudden 
weakening of the specimen will cause it to stretch more with a 
unit increase of load. In other words the unit deformation 
takes place with a smaller increment of load when the specimen 
has weakened. Tliis is called "'permanent setT and is indicated 
])y a rather sudden drop of the beam. In commercial testing tliis 
“drop of the beam” is interpreted as elastic limit. The reading on 
the lieam does not represent the true elastic limit on account of 
some inaccuracies in the test, but it may be very near the true 
value. As determined in commercial testing the modulus of 
elasticity means the ratio of unit stress to unit deformation. This 
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is found hy ino.-isurin^ Ihc dcfiuinutions corrcspoiulinj^' to ciu'li 
unit of stress ajjplied. A graphic representatitui is ol)tained by 
I)lottin| 4 ‘ the load units as ordinates and the eorrespondin| 4 ' <le 
furniations as abscissa, and eonnectini;* the points thus found by a 
curve, d'he abnormal stretchinj^' of the bar when permanent set 
takes ])lace is indicated by a rather sudden clian|>fe in the direction 
of the curve. 

Hardness Tests. Since haniness is an indeterminate property, 
dilTerent dehnitions are obtained l)y the <lilTerent nietluals em- 
ployed for testing*' the property. 

The Selcrofiteter ((*reek selero, hardne.ss), which was intro- 



Mr. .e --“Shore Hckvujictjjje, 


duced by 'riiomas 'i'urner, measures hardness in terms of re- 
sistance to a cuttin|if tool. A standanl diamond |H)inl is weiglUed 
until it will produce a standard scratch upon the smooth surface 
of the test specimen. 'I'lie weight rccjuired tlien becomes the 
measure for hardness. 

77ir Brinell 7'est consists in depressiiig a hardened steel hall 
into the surface of the specimen and measuring the diameter of 
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the depression made. The socalled ^diardness number” is found 
by dividing the maximum pressure exerted by the calculated 
spherical area of the segment. 

The Scleroscope has lately come into prominence as an instru- 
ment for testing hardness. It was invented in 1906 by A. F. 
Shore. Fig. 3 shows the instrument with a small specimen in 
position for the test, which consists in dropping a miniature tup 
hammer upon the specimen and noting the height of the rebound. 
In order to offset the effect of surface elasticity the hammer is 
armed with a diamond having a rounded striking face, and will 
make a depression in the hardest metals. The hammer is en- 
closed in a glass tube which is graduated to show the height 
of rebound. It is lifted to the dropping position by suction, and 
supported in such a way as to allow easy disengagement. The 
mechanism for creating the suction and releasing the hammer is 
actuated by means of the rubber bulb connected as shown. The 
scleroscope scale is divided into 140 equal degrees, giving range 
for all of the metals. The scale is based upon the average hard- 
ness of tool steel, which is taken as 100. 



CHAPTER II 


REFRACTOEIES AND ELUXES 

I'he refractory materials comprise all substances, natural or 
artificial, that are practically infusible. These are indispensable 
to the metalliir|>^ical industries. The parts of furnaces and re- 
tainini^ vessels that are subjected to high temperatures are con- 
structed of such materials as will withstand heat and chemical 
attack to the highest possible degree under the conditions imposed. 
Specifically, some of the more important requirements of a re- 
fractory material are as follows: (i) It must not fuse or soften. 
(2) It must not crumble or crack. (3) There must be minimum 
contraction or expansion. {4) The heat conductivity and gas 
permeability must be low. (5) It must resist to a considerable 
degree, mechanical abrasion and chemical attack by substances 
brought in contact with it. It is, of course, impossible to obtain 
or jirepare a substance that will answer to all the above require- 
ments under tlie varying conditions of practice. The needs of 
each case must be understood, and from the materials available 
the one best suited may be selected. 

The refractory properties of any material are dependent upon 
its chemical conqiosition and its consistency, i, e., the size of the 
grains comiiosing it and the density in general. A brick will crack 
if it has a high coefficient of expansion and is unevenly heated, 
and it will crumble if the internal strains are sufficient to force 
apart the constituent grains. 

Classifioation.“Therc are a number of substances which with- 
stand the action of heat alone to a high degree, but react chem- 
ically if certain other substances come in contact with them. It 
is necessary, therefore, in lining a furnace for any specific opera- 
tion to select that material which is least affected by the slags or 
mixtures peculiar to that operation. The refractories are classi- 
fied, according to their chemical properties, as acid, basic and 
neutral materials. It is a well known fact that acids and bases 
neutralize each other mutually with the formation of new com- 
pounds. An acid lining would be corroded and melted out if 
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the mixtures of the furnace were basic in character, and \icc 
versa. The neutral refractories have practically no reaction with 
either acid or basic substances. 

ACID MATERIALS 

Silica.— This is, strictly speaking, the only acid refractory sub- 
stance used. The others owe their acid character to the presence 
of silica. It occurs nearly pure as cjuartz and in combination with 
metallic oxides. The fusion point of silica is very high, thougli 
it is easily melted in the electric arc furnace. It expands slightly 
when heated, but is otherwise practically unaltered at ordinary 
furnace temperatures. Heated in contact with basic metallic 
oxides, it forms silicates, many of which are readily fused. 
Silica, as a refractory material, is used chiefly in the form of 
loose sand, cut stone and brick. 

Cut Stone is prepared from natural quartzite rocks such as the 
granites, gneisses and sandstones. A superior, silicious rock, 
known as ganister, has found extensive use in this country and in 
Europe. The best quality of ganister that has been found in this 
country is at Mt. Union, Pa., and in Wisconsin. 

Silica Brick are prepared from selected quartzite rock with a 
small admixture of clay or lime. The function of these added 
substances is to effect a bond, which they do by forming silicates 
upon the surfaces of the quartz grains at the high temperature of 
the brick kiln. Whatever compound is formed fuses and l)ecomes 
saturated with silica, which is present in overwhelming excess, 
and cements the grains together. Brick in which the bond used 
is alumina are known in this country as quartzite, and those in 
which the bond is lime as ganister brick. 

In the manufacture of quartzite brick the sandstone and clay 
rock are crushed together and intimately mixed. After adding 
water the mixture is further worked and compressed, and tlieii 
molded into bricks. The pressure exerted brings the silica grains 
into close contact, which insures their actual union when the 
silicate of aluminum fuses about them. The molding is generally 
done by hand. The hard-pressed, machine-made bricks are 
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slron<j;-er, but less refractory. After inoldin,^' tlie bricks are 
stacked in the drying room. 'Phis is provided with a metal lloor, 
and is heated from below by sleatn or hot air. 'Phe waste beat 
from the kilns may be utiliy:e<l for this purpose. 'Phe bricks are 
next slacked in the kilns and burned for a ])eriod of from seven 
to ten days at a hi^di tem])erature. 'Phe round style, dowindrari 
kiln is most commonly used. Some of these kilns have a capacity 
of io(),(KK) brick. 'Phe tein])erature is determined by means of 
Se^cr cones. It may exceed C. d'he temperature should 

be In’i^dier than that to which the brick will be exjyosed in serv ice. 

(Iani.ster brick are compounded from the .efround mass of stone 
or a mixture of raw stone and ^rojj^ (old brick) and freshly 
burned, pure lime. The latter is added in the form of milk t>f 
lime. 

Clay.-" This term is a])plie<l to the most abundant and widely 
u.sed class of refractory materials. C'lay is formed by the natural 
decomposition of rocks of the feldspar j^rou]), C'lay deposits are 
either residual or .sedimentary. Residual deposits occujjy the 
same space and position as the rocks from which tliey were de- 
rived, and sedimentary or be<l clays are those which have been 
transported, chiefly by water, and deposited. Hy the sortini» 
action of water both the physical and chemical composition of 
clay may be greatly altered, the size, .shape and specific gravity 
of the particles determining their onler of deposition. In com ■ 
position clays vary from pure kaolin, which is hy<lrated aluminum 
silicate, to variant mixtures of this mineral with undecomposed 
feldspar, free silica as sand grains and gravel, iron combined as 
oxide, silicate or sulphide, the alkaline earths, oxide of titanium, 
the alkalies and organic matter. 'Phe subjoined table gives the 
com])osition of .some important metallurgical clays. 'Phe wide 
use of clay is largely due to its becoming plastic and cohesive 
when wet. h'or this rea.son bricks and crucibles may be manU” 
factured from it witlumt the use of a binding material. When 
ignited .sufficiently to drive ofT the combined water, clay loses 
its plasticity, Init if j^re.ssed before ignition it cements itself into 
a hard mass. Clay shrinks during ignition on account of the 
3 
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loss of water. This combined water can not be restored after 
ignition. For this reason burnt and raw clay are' often mixed 
by manufacturers to lessen shrinkage. Clay is the furnace build- 
er’s mortar. In building substantial furnace walls the bricks are 
set in fire-clay, and sometimes it is plastered over the walls to 
form a seamless lining. 

The most refractory clays are those containing an e.xcess of 
alumina. The impurities (basic oxides), though they might be 
highly refractory when isolated, have a softening effect on the 
clay on account of their chemical action. Alumina, being a 
weak base, does not form an easily fusible compound with silica, 
but with another base, such as lime, an easily fusible, compound 
silicate may be formed. Sulphide of iron is sometimes met with 
in clay, existing as small grains or crystals. This is highly objec- 
tionable, since on being heated strongly the sulphide is converted 
into ferrous oxide, which in turn combines with silica. The 
ferrous silicate formed is then fused out, leaving a cavity. The 
amount of ferric oxide that is allowable in a good fire-clay is a 
disputed point. As much as two per cent, is not unusual and does 
not seem to be detrimental. The lime, magnesia and alkalies 
together should not amount to more than two per cent. 

Typical Fire-Clays. 


Silica 75.00 61. 5 D 50.35 

Alumina jy.lo 26.15 33.65 

Ferric oxide 1.05 0.35 0.7C5 

Ferrous oxide 0.15 0.40 

bime 0.50 0.15 

Magnesia o.io 0.05 

Potash 0.30 — 0.50 

0*15 0.05 O.IO 

Titanic acid 0.05 1.40 0.80 

Water 6.50 10.00 13.75 


BASIC MATERIALS 

Magnesia.— The mineral magnesite, or carbonate of magnesia, 
is frequently met with, associated with serpentine and otlier 
sihcious rocks. Large known deposits are rare, though .some 
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important recent discoveries have been made. Tlic main source 
of nnagnesite in this country is California, where some of j^reai 
purity is foun<l. More is imported from (ireece and v^tyria. 

When mai^nesite is ii^aiited at hioli tem|)erature it i^ives off 
carbon dioxide, and the residue is nuii^’iiesium oxide or mai^nesia. 
d'liis substance is hii^hly refractory, and it is the most satisfactory 
material known for some purposes. It is taaished and uscmI on 
the hearths of basic furnaces or manufactured into bricks f(jr 
construct in, the wails. Maj^'iiesia has no l)indiuj4’ pro|,)erty of its 
own, but strong' bricks are made by mixinjj;’ with it a small ({uau 
tity of silicious material and compressing^’. Tlie price of mai^- 
nesia ])reclndes its more ^^eneral adoption. 

Lime is made from calcite or limestone, just as majit’nesia is 
])re])arcd from mai^nesite. It is even more infusible than ma]L> ' 
nesia, but its use as a refractory is hardly important enou.t>'h to 
mention. Its strong* affinity for water causes it to attract moisture 
from the atmosphere, and as a result it crumbles. If, however, 
lime he mixed with sutlicient maj»’nesia, a \ery satisfactory mate 
rial is obtained. I'ortunately, there is a natur.al mixture of thi‘- 
kind, known as dolomite. 

Dolomite. Like magnesite ami limestone, dolomite reipiiro 

to be stron<^ly ijj^nited before use. On account of its ahundauce, 
dolomite is the most important of the basic linin^jc materials. 

Bauxite. This is the .sesijuioxide of aluminum with varyini^ 
amounts of the correspondiu.e: oxide of iron. 'The chief sources 
in the Cnited States are (leorji^^ia, Alabama and Arkansas. 
Bauxite is highly refractory when free from silica, and it is hut 
feebly basic. It has proved itself an excellent lining material, 
and its more general adoption is expected if it becomes more 
abundant. 

NEUTRAL MATERIALS 

Graphite.- - "Phis substance, otherwise known as ])lumbago or 
black lead, is an allot ropic form of carlum. it is mined chielly 
in Ceylon, Siberia and Austria. The only mines in this country 
of any importance are in New York. The origin of graphite is 
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not known, though it is supposed to he vegcla])lc. 1 1 nerurs with 
both calcareous and silicious I’ocks in veins or lumps, ijr m the 
form of scales disseminated through the rock, t iraphite has 
not been fused in the isolated form, and oxidatitm < occurs hut 
slowly at furnace temperatures. In the electric arc it burns trccly, 
but does not fuse. Graphite would have a very wide applicatinn 
as a refractory material if it were not for its high cost. Its 
principal uses are in the mamifacture of crucibles and bricks ft»r 
special purposes, and in foundries. It is used alone or mixed 
with clay. 

Chromite. — The use of chrome ore, or chrome-iron ore, has been 
restricted to a few operations on account of its scarcity. It has 
been found most satisfactory under the severe test of high teiu 
perature and in contact with both acid and basic materials. 
Chrome ore is manufactured into ])rick, lime being used as a 
binding material. 


THE FEUXES 

In the extraction of metals from their ores, and in their sub* 
sequent purification, the refuse matter of the ore (the gangue) 
and the accumulated impurities have to be dealt with. These 
substances are often of a refractory nature, ami remaining im» 
fused, would retard the process and prevent complete separation 
of the metal. Advantage is here taken of the bcliavior of acid 
and basic substances toward each other. vSome substance of the 
opposite chemical character to the gangue is added, and comlnna • 
tion ensues with the formation of an easily fusible ccnnpouml. 
The substance added is called a fl%tx and the resulting coinpoimd 
is slag. Any operation in which the metal is extracted in the 
state of fusion is termed smelting. The word cinder is used 
interchangeably with the word slag, but it has a wider meaning. 
Cinder, as used in this text, means refuse matter that is not fused 

Like the refractories, the fluxes are divided into the tlwee 
classes— acid, basic and neutral. Slags may be made either acid 
or basic by adding to them an excess of the proper flux. They 
may be made more fusible, without altering their acid or Irmlc 



properties, l)y addin^i*' a neutral substance having’ a low nK‘ltinj4’ 
I)uint. 'riie common tiuxes are: .Icid, silica: Hasit\ lime, inat»' 
nesia, ferrous oxide, man<^anous oxitle and alumina, which is 
feebly basic; Ncittral, fluorspar. 

Slags.— "The main function of .slab's is to separate ^'an<4uc stulT 
or impurities from metals, and to protect lliein from the injurious 
action of ^^ases or other substances while they are heated to hi^h 
temperatures. Heini^* [>001* conductors, they conserve heat by 
retarding radiation from the body t)f metal they cover. To 
the smelter a kiu>wleclge of the properties of slags is of greatest 
importance, especially as regards their cheniical behavior and 
fusibility. Their formation temperature and fluidity are also of 
importance. The temperature at which sub.stances will combine 
to form a .slag may dilTer considerably from that at which the 
slag will melt, 'fhe formation tenii)erature is generally lower, but 
the slag reactions generate heat, and as a result the temperature 
may rise al)ove the melting point of the slag. It is to be observed 
that fusibility and fluidity are not parallel proi)erties with slags. 
vSome slags of low melting points remain viscid through a consid- 
erable range of temperature, while others retiuiring a high tem - 
perature for fusion become ([iiite li(|uid with a few additional 
degrees of heat. 

ConstitHtio)i of Sla(/s.—A slag may consist of a single com- 
pound, but most fre<[uently two or more silicates are present, 
and in these other substances are di.ssolved or suspemled. Wdiile 
in the fused state tlie slag is of uniform composition if the tem- 
perature remains constant, but upon cooling some coustituenls 
may pass out of solution or segregate. Hy segregation is meant 
the concentration of constituents in certain portions of a stflidi™ 
fying mass on account of the failure of the solvent to hold them, 
d'he highest degree of concentration must take |)laec in that p<»r 
tion which solidities last, since solvent power diminishes with 
temperature. This phenomenon is otherwise known as selective 
freezing. Analogies are found in the freezing of water contain 
ing dissolved salts. It is here ol)served that the first crystals of* 
ice formed are relatively free from salts, and as freezing pro- 



20 


MKTAIvIvURGY 


gresses the solution becomes more concentrated in dissolved 
matter. If substances in solution do not separate by crystalliza- 
tion during the process of freezing the result is a solid solution. 
Slags of this kind are observed to be vitreous glasses, and those 
containing matter that is not dissolved are stony in appearance. 
Generally speaking, metallurgical slags are silicates in which an 
excess of either silica or bases may be dissolved, or if the satura- 
tion limit be passed, precipitated. While it is generally true that 
the oxides of the metals are bases, it should be understood that 
some behave as acids in the presence of strong bases. This is 
notably the case with alumina: 

In making slag calculations the silicates are classified accord- 
ing to the ratio of oxygen in the base to oxygen in the acid, ddic 
following table gives the names and ratios for the different sili- 
cates of monoxide and sesquioxide bases. The metal of the 
base is represented by the letter M : 


Monoxide base 

Sesquioxide base 

Ratio 

Name 

4M0-SiO2 

4M203.3Si0.> 

2 : I 

Subsilicate 

2M0.Si02 

2M203.3Si02 

I : I 

Monosilicale 

4 MO - 38100 

4M203.9Si02 

2 : 3 

Sesquisilicate 

MO.Sio/ 

M203.3Si02 

r : 2 

Bisilicate 

2M0-3Si02 

2 M 2 O 3 . 9810.2 

I : 3 

Trivsilicate 


TESTIIfG REFRACTORIES 

The specific properties of raw materials or manufactured 
articles like brick are best studied by aid of a direct test. Means 
have been devised for testing refractories to determine the extent 
to which they will answer to the requirements as laid down on 
page 13, and their fitness for certain applications. Results so 
obtained are not, however, to be taken as conclusive in every 
instance, since the conditions of the test are not often identical 
uiih the conditions of practice. For example, the temperature 
employed may be just as high or higher than that in practice, and 
practically the same substances may be brought in contact with 
the material tested, but the combined and variable eflfect of differ- 
ent factors obtaining in practice, can not be reproduced on the 
small scale of a laboratory test. A more practical, though more 
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expensive, test is made by the experinieiilal use of the inatcrial 
on the industrial scale. 


The Melting Points of most refracl<n*ies are above the ran^e 
of ordinary furnace temperatures, but many of them softtai or 
actually fuse at the high temperatures occasionally eiuploye<l 
In view of this and of the relation of melting ])oiuts to the for 
mation of slags, determinations of the direct effect of heat upon 
refractories and Huxes is of interest and iinjjortance. 1'he re 
suits tabulated below were obtained by C. W’. Kauolt in tlie 
laboratory of the Bureau of vStandards. The specimens were 
from one to two cm. in diameter, and were heated in an Arsem, 
gra])hite, vacuum furnace using electric resistance, d'he teni- 
peratures were determined by means of a Mor.se optical pyrom 
eter. 


Material 

Fire-chiy brick 
Bauxite l>rick ■ 
Silica brick • . . 
Chromite brick 
Magnesia brick 

Kaolin 

Bauxite clay « • ■ 

Bauxite 

Alumina 

Chromite 

Silicon carl,)i(le 


Melting point. C, 
1640 
• 0 7^5 

. . 1 7t,u f- 1 750 
.. 2050 

ii 05 

•• I735‘i74<’ 

(795 

.. 1H20 

20(0 
. 2 I Ho 

. . above 271*0 


A practical test of the refraelorine.ss of clays may he made by 
the use of ‘\Seger cones. Each sample Ijc examined is finely 
ground, and after thorough mixing, is moistened with water and 
kneaded into a stiff dougli. From each sample are molded small, 
triangular |)yrami<ls. After carefully drying the [lyramids are 
heated in a muRle furnace, and the effect is noted by their he 
havior. As shown in Fig. 4 the pyramid containing a clay that 
is infusible at the temperature employed retains its form and the 
edges remain sharp, while tlie less refractory ones show a ten- 
dency to curl. Some may actually fuse to a glol)ule. 1 'he tein* 

^ For a fuller discussion of this subject see Collected WritingM of 
Herman A, Seger,” 1, p. 224. 
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penilurc of the niunie is (leterniined by moans of a pyrometer. 
Pyramids made of tested clay of known fusion temperature may 
he used for this purperse. I'he temperature, as determined hy 
the standard ]>yramid. is indicated at the nu^ment tlu‘ head is 
l)ent down until it reaches the level of the base. 



The Expansion or Contraction of refractories under the inilu 
ence of heat is an imi)ortant consideration in furnace buildini^. 
As has been pointed out silica expatuls sli^j^htly ami clay shrinks 
when healed. (lra])hite remains ]U‘acticalIy eentstant. Tlte var 
ions mixtures of ditTerent suhstauees alTord all |H)ssihle varia- 
tions within the extreme limits in the change c»f volume (if re- 
fractory products. Aside from the coinpositicm, the |>ressttre that 
is exerted upon them and the temperature at which they an* 
burned alTect the expansion or shrinkage (if brick, d'esls may 
he made in a practical way by healing brick in a furnace with 
pyrometer attachment, the expansion or shrinkage being meas- 
ured l)y aid of a ])ivoted licam one end of vvbielt is snppmled 
by the brick. ^I'he otlier end of the beatu may be extended to 
magnify its upward or downward movetnent, the readings being 
obtained by means of a pointer on tlte licant am! a scale idaced 
behind it. 

The Heat Conductivity of refracltmies is a determining foetor 
in the efficiency of many furnace operations. It depiends largely 
ujKin the temperature at whicli the material is Imrnecb increasing 
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with the ])uniiii^- teiu|)eniture, and it rises rai)i(lly with the |)re 
ent temperature of the material. 'Phe followinj^' table was i)r 
pared by A. h. nueneau from M. S. \VoIoi>'dine\s Pi^aires.’ 


CDuductivity Material iHru'k) 

Oram oal<»iic* 

St c'ciiuls per s(|. fin. 

per cm. ])ei’ Kelalivr 

r’C. (lilTerenoe coiuhiotivity 

Graphite 0.025 okj.o 

Curbonuiduni 0.0251 92. .1 

Magne.sia 0.U071 2S..1 

Clironhle 0.0057 22. 8 

Fire-clay 0.0042 16.7 

Building 0.0035 14.0 

Bauxite 0.0033 13.2 

Terra cotta 0.0022 9.3 

Silica 0.0020 7,8 


‘ Idee. vS: Met. In<l., VII, 383. 



CHAPTER III 


COMBUSTION AND THERMAL MEASUREMENTS 

The term combustion, as used in this text, means the rapitl 
combination of any substance with oxygen. When the reaction 
of oxygen upon a substance produces visible effect, that su])stance 
may be said to be in a state of combustion. Comlnistion will not 
take place with most substances until they are heated to a tem- 
perature exceeding 400° C. The ignition or kindling temperature 
of a substance varies with its physical and chemical conditions 
such as state of subdivision and purity. Any substance employeil 
for producing heat by virtue of its combustion is a fuel. The 
heat of combustion is, therefore, due to the union of tlie elements 
composing fuels with the element oxygen. If a fuel yields a 
combustible gas when heated to the kindling temperature a flame 
is produced. Flame, therefore, attends the burning of gas, oil, 
soft coal and wood, while charcoal, coke and anthracite, if entirely 
free from volatile combustibles, burn without flame in a ready 
supply of oxygen. Glowing particles or vapors give color and 
luminosity to flame. Luminosity is generally due to ])articles of 
carbon. If combustion is not complete a luminous flame will 
deposit carbon in the form of soot. Plydrocarbon gases are dis- 
sociated in the process of combustion with the liberation of car- 
bon, though the appearance of incandescent carbon in the flame is 
prevented if a combining excess of oxygen is diffused Vvdth the 
gas before ignition. 

The offices of fuels are twofold. In addition to their being the 
usual means of obtaining high temperatures, they often play tlie 
important part of decomposing the ores by chemical action witli 
them, and liberating the metals. In this capacity they are termed 
reducing agents. The term reduction generally means taking 
oxygen from a compound, or the opposite of oxidation. The heat 
derived from the combustion of fuel is not necessarily confined 
to the reactions with atmospheric oxygen, but it may be due 
in part to that oxidation which is coincident with the reduction of 
metallic oxides, thus : 
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( 1 ) C + O.r^CC), 

(2) ZnO+C+Or-Zii+COo 

In reaction (i) the oxygen is taken entirely from the air, while 
in reaction (2) half of the oxygen is taken from the oxide of 
zinc. The heat of oxidation is the same in both cases, but in ( 2 ) 
heat is absorbed l)y the reduction of zinc oxide. A reaction in 
which heat is evolved is called exothermic ^ and one in which heat 
is a1)Sorl)ed is called endothermic. It may be said, in general, 
that oxidation is exothermic and reduction is endothermic, 'Plie 
amount of heat derived from the burning of fuel det)ends upon 
the energy with which the fuel combines with oxygen, and the 
temperature produced depends upon the energy, rate of coinl)US-- 
tion and the nature of the products of combustion. 

CALORIMETRY 

The heating value of a fuel is expressed by the number of unit 
weights of water that one unit weight of the fuel will raise 
throfigh one degree of temperature by its combinstion. The unit 
of weight chosen is the kilogram, and the amount of heat neces- 
sary to increase the temperature of one kilogram l)y one degree, 
Centigrade, is called one heat unit or one calorie, d'o be exact, 
the water must l)e at 4" C. 

Other units are em])loyed to express' heat values. 'Phe small 
calorie is the amount of heat required to raise one gram of water 
I degree 0 . The Idrilivsh thermal unit (R. t. u.) is the amount 
of heat required to raise one pound of water 1 degree at 30 ’ b\ 
One B. t. u. is e([ual to 0.251996 calorie. 

The heating power of fuels is determined exi)erimentally by 
burning a weiglied sample under a weighed amount of water in 
such a manner tliat the heat evolved is absorbed by the water, and 
the rise in temperature is indicated by means of a delicate llicr- 
mometer. An a])paratus designed for such a determination is 
called a calorimeter. 

The Parr Calorimeter is shown in sectional elevation in In'g. 
5. The principal parts are the cartridge, D, in which the fuel is 
Imrned; the copper vessel, A, holding two liters of water for 
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volved during a determination by means of a small motor. Turbine 
wings are attached to the cartridge for stirring the water and 
maintaining uniformity of temperature. The cartridge, in detail, 
consists of a stout metal cylinder, which is closed at the bottom 
by a disc and at the top by the base of the hollo\7 spindle carrying 
the rotating pulley. The discs are secured by caps, which screw 
on the cylinder, the joints being made tight by rubber or lead 
gaskets. Sodium peroxide and other oxidizing agents are used 
to supply the oxygen. The mixed charge of fuel and reagent is 
ignited by means of a loop of fine iron wire through which a 
current is conducted of sufficient strength to burn the wire. A 
rod, passing through and insulated from the spindle, and the spin- 
dle itself, serve as conductors for the current. 

Bomb Calorimeters, — The principles upon which calorimeters 
of this type are constructed are similar to those of the apjoaratus 
just described, but the fuel is burned in compressed oxygen. The 
combustion takes place in a strong steel vessel known as the 
bomb. The inner walls of the bomb are lined with enamel or a 
refractory metal. It is made in two parts which are closed by 
a threaded and carefully machined joint. A needle valve is used 
for introducing the oxygen from a pressure tank. The portion 
of fuel to be burned is held in a small platinum or nickel pan 
supported on wires, which also serve to conduct the current for 
ignition. Instruments of the bomb class represent the highest 
degree of perfection that has been attained in calorimeter con- 
struction. 

Calorific Power by Calculation. — Knowing the calorific powers 
of the several elements constituting a fuel, its heating value may 
be calculated from the results of a chemical analysis. For ex- 
ample: A fuel contains 80 per cent, carbon, 15 per cent, hydro- 
gen, and 5 per cent, sulphur. Referring to the table (p. 28) for 
the elements — 

0.80 (8080) -f 0.15 (34,500) + 0.05 (2,220) = 11,750 calories. 

If the fuel contains oxygen already combined with hydrogen, 
it is obvious that so much hydrogen is not available as a com- 
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bustible ingredient, and should be deducted from the total hydro- 
gen in calculating the calorific power. Since oxygen combines 
with one-eighth of its own weight of hydrogen, the calorific 


power of h3-drogen becomes 



34,500. 


Calorific Intensity. — By calorific intensity is meant the temper- 
ature to which the products of combustion will be raised when 
a fuel is burned under given conditions. The highest temperature 
is attained when a fuel is burned in a ready luit not excessive 
supply of pure oxygen. The calorific intensity is found by divid- 
ing the calorific power by the weight of the products of combus- 
tion, multiplied respectively by their specific heats, thus: 


W,S, + W,S, H etc.* 

The weights of the several products are represented by 
Wjj, etc., and the specific heats by Si S3, etc. Engineers use 
a similar expression to denote the evaporative power of fuels. 
Numerically expressed, the evaporative power is the weight of 
water, at 100° C., that a unit weight of a fuel will convert into 
steam. It is found by dividing the calorific power by 537, the 
latent heat of steam. 


Calorific Effect of Some Oxidation Reactions.* 


Element Product Calories 

Hydrogen H .^0 

Carbon CO^ 8,080 

Silicon ». .. SiO.^ 7,720 

Phosphorus P2O5 5.966 

Sulphur SO2 2,220 

Iron FegO^ 1,585 

Zinc ZnO 1,321 

Copper Qu.fi 321 

Head PbO 239 

Mercury HgO no 

Nitrogen NO —1,541 


^ Substantially the values given by Thomsen . 
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PYROMETRY 

Laboratory experiments may he valual)le so far as they go, Init 
the actual efliciency of fuels can not be deterniined in this way, 
Xo more should be expected from such determinations than the 
relative heating values. The most practical results are gained ])y 
[)utting the fuels into actual use for a reasonable length of time, 
and measuring their el'liciencies by the work done or by whatever 
means are at hand. In the attainment of high temperatures, which 
is necessary in many metallurgical processes, the temperatures 
are indicated l)y means of pyrometers (high tem|)eraturc ther- 
mometers). d'hese instruments are esj)ecially useful when it is 
desirable to know the range of temperature over a considerable 
length of time, as they are now designed to record temperatures 
aut(.anatically. vSuch records may be used to denote efficiency 
or regularity of heating, as the case recpiires. 

Thermometer and Pyrometer Scales. — It should be noted that 
tem])erature measurements are not absolute, because al)Solute 
zero in tem])eralure is not known. All measurements are, there- 
fo.re, relative only, d'he Centigrade or Celcius scale, whicli is 
universally employed in scientific work, places the melting point 
of ])ure water ice at zero and the vapor of boiling water, un- 
der 760 millimeters pressure, at too degrees. The thermometer 
scale is calibrated by placing the bulb of the instrument in direct 
contact with water under these two conditions, and having found 
these two j)oints, the intermediate unit degrees will corres])ond to 
the TOO intermediate and eciual divisions of the scale, provided 
tliat the l,)ore of the thermometer tube is of uniform caliber. Like- 
wise the scale may be extended upward, each division marking an 
equal ex])ansion of the H([uid which, within the limitations 
of the materials used, will corre.s])ond to ecptal increments of 
temperature. 'Phe calibration of all pyrometers is based, directly 
or indirectly, ui)()n the standard gas thermometer, since the law 
governing the increase of pressure of a gas at constant volume 
admits of tlie greatest accuracy of application through the widest 
range of temperatures. With the perfecting of the means of 
a])plying the different principles for determining high tempera- 
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lures the calibration of pyrometers is made more accurate, ap 
proaching the ideal, which is the continuation of the thermometer 
scale. 

The first practical pyrometer a]>pears to have been tie vised by 
VVedgewood, who realized the neetl of determining aiul com 
trolling the temperature of his pottery kilns. 'The indicator which 
he used depended U|)on the contraction of clay at high tempera 
tures. A number of pyrometers have since been invented, mak 
ing use of different principles. Brief descriptions of some of the 
more imiiortant ones are here given. 

Metal Expansion Pyrometer,— Instruments of this class are de- 
signed to measure the expansion of a single metal or of two 
metals acting differentially when heated, 'fhey are limited to low 
lem])eratures. 

Specific Heat Pyrometer.— 1 1 eat is transferred from the fur- 
nace to be tested to a definite weight of water ly a metal of 
known specific heat. The temiierature to which the water is 
raised, which is a function of the temperature of the furnace, 
is determined by means of a lliermometer. ^ 

'fhe Siemens Water Byrometer is of this class. It is suitable 
for approximate measurements only and its upper limit is about 
950° C. 

Heat Conduction Pyrometer. /\ eurrent of water of known 

tcm])cratiire flows at constant rate through a tube ])laced in the 
furnace, fl'be increase in temperature is proportional to the 
temperature of the furnace. 

Gas Pyrometers,- With this class of apparatus tlie expansive 
force of healed air or other gas is ma<le use of. fl'he gas is con 
fined in a vessel of porcelain or metal, which is placed in the 
atmosphere to he tested. The vessel has a tulnilar extension, 
which extends outside of the furnace and communicates with a 
delicate pressure gauge. 

Electric Resistance Pyrometer.- 'Phe princitfle of tins instni* 
ment was i)iit forward by Werner Siemens. It was further de- 
veloped by William Siemens, who introduced platinum wires 
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instead of base metal for the resistance, and was finally perfected 
through the efforts of II. h, Callendar and others. The appara- 
tus consists essentially of a battery, a galvanometer, a Wheat- 
stone bridge for measuring resistance and a ])latinum resistance 
wire for insertion into the furnace. 

The princii)le of the resistance jiyrometer is shown in big. (>, in 
which B represents the battery, V the platinum resistance wire, 
known also as the bulb, and (» the galvanometer. 'Phe battery 
current is divided at a, encountering the two e(iual resistances, 


G 



RR, which constitute two arms of the bridge. In the other two 
arms of the liridge are interixised the platinum wire, the coils, C, 
and the slide, S, the coml lined resistance of which is eciual to that 
of RR. Under these conditions the potential at the points, oo, 
will be zero, and there is no deflection of the galvanometer needle. 
Differences in the potential are brought about only by clianges in 
the temperature of the bulb, since practical means are employed 
to maintain constant temjierature for all the other resistances. 
The loop wire, 1, is inserted to com])ensate for the variable re- 
sistance of the lead wires, L, being composed of the same metal 

4 
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and subjected to the same temperature conditions as the lead 
wires. In order that there may be no thermo-electric eficct at 
the juncture with the bulb, the lead wires are made of platinum. 
The circuit is reunited at b, from which point it is retunuMl 
to the battery over a single wire. 

In using the pyrometer the bulb is placed in the temj)eralurc 
to be determined, and its increased resistance is coinpciisated 
by inserting plugs to cut out coils, C, the tine a<ljustinent being 
made by means of the slide. I'he exact balance is indicated 
by the return to zero of. the deflected, galvanometer needle. 'Fhe 
resistance of the separate coils and of the slide wire being known, 
the increased resistance of the bulb is thus measured. 'I'his tnay 
be interpreted and the instrument calibrated in terms of tempera- 
ture by comparison with a standard. 

Thermo-Electric Pyrometer. — When two different kinds of 
metal are in contact their electric equilibrium is disturbed ])y 
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changes in temperature. If, therefore, the metals arc connected 
at separate points, unequal temperature at these ixunts will cause 
an electric current to flow around the circuit, and the intensity 
of the current will be proportional, within certain limits, to the 
difference in temperature. In order to a])ply this principle in 
pyrometry it is obviously necessary to use refractory metals. 
For measuring temperatures not exceeding 600'^^'* C. and where 
great accuracy is not essential iron, copper, nickel ;in<l other base 
metals are used, and in accurate higher temperature work the 
platinum metals are used. The perfection of the thermo-electric 
pyrometer is due chiefly to Le Clia teller, who iutroduced the plati- 
num-rhodium couple. The principle of the thermo-electric pyrom- 
eter is shown in Fig. 7. The thermo-couple, commonly called the 
“fire end,’' is composed of a platinum wire and a wire of plati* 



M lvTAIvI,UK(VY 


33 


mini alloyed with lo per cent, of rhodium. 'Vhc couple wires are 
fused to^fethcr at C, and arc connected with a niillivollmcter, W 
l)y the conductors, L. If the temperature of the rest of the 
apparatus is kept constant the electromotive force measured h\' 
the niillivoltmcter will he a function of the tenijierature at C,\ and 
the instrument may he calihnited to read de^Tees of heat when 
the couple is placed in known temperatures. 'I'hese temperatures 
are obtained by the use of su])stances of known meltinjLi’ ])oints. 



The junction, J, of the couple and conductors is conveniently kept 
at constant temperature by immersinji^ it in meltin^^ ice. Theoret- 
ically the whole apparatus outside of the furnace should he kepi 
at constant tenn)erature, since an electromotive force is estah- 
lished at any junction of different kinds of metal. 

8 shows tlie principle of the Bristol thermo-electric pyroin 
eter as designed for commercial ii.se. 

A comjiensator is used to offset the elTect of variations in tem- 
perature outside the furnace, on the “cold end” of the couple. 
The compensator consists of a glass bulb, having a narrow neck, 
containing mercury, A platinum resistance wire passes through 
the walls of the neck and <1ips downward into the mercury. 
Changes in temperature cause a rise and fall of the mercury in 
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the neck of the bulb, as in the capillary tube of a thermoineier. 
This regulates the resistance by short-circuiting more or less of 
the wire loop. 

Radiation Pyrometer. — The radiant energy emitted by heatetl 
bodies is proportional to their temperature provided they do not 
transmit or reflect energy. 'I'hose bodies which absorb all radiant 
energy thrown upon them are called “Idack bodies.’^ ( )rdinarily 
the interior of furnaces or sul)stances treated therein fuKill the 
ideal black body conditions sufficiently to permit of measuring 
their temperatures by measuring a <lefmite ])ortion of their radiant 
energy or emissivity. Charles Fery, of I^aris, invented a ])yroni- 
eter based upon this princii)le and the Stefan-holtzman I^aw, 
which holds that the radiation from a black body is proportional 
to the fourth power of its absolute temperature. 

The Fery pyrometer consists essentially of a telescope tube 
containing a concave mirror, a delicate thermo-couple and, sep- 
arately, of a mini voltmeter. When the telescope tube is i)ointcd 
toward a heated surface the mirror receives and reflects a por- 
tion of the radiant heat, which is focused upon the thermo-cou|)lc 
and measured l)y the millivoltmetcr. In calil)rating the apparatus 
comparison is made with the standard gas pyrometer, and read- 
ings above this range are calculated upon the 1)asis of the a])Ove 
law of radiation. 

Optical Pyrometers. — These are otherwise known as radiation 
pyrometers. Hie principles of radiation are discussed above. 
In the methods here considered, the measurements are deter- 
mined by the intensity of the light emanating from heated bodies. 

One of the simplest methods in optical pyrometry is that em- 
ployed by Holborn and Kurlbaum in Germany and by Morse 
in this country. A telescope is used in which an incandescent 
lamp is interposed between the eye and the heated surface under 
observation. The current is supplied from a battery, and is 
controlled by means of a rheostat and measured by an ammeter. 
While the observer sights the heated surface through the tele- 
scope he adjusts the current until the lamp filament disappears 
by reason of its being heated to the same temperature as the 
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ject fonniiii";* the ])ackgr()iiiul Ihulcr ]>n)per conditions the 
lount of current rc(iuircd is an ex|)rcssi(>n for the tenijicrature, 
cl the apparatus may he calibrated hy comparison with a stand 
1 ])yrometer. 'remperatures ran^-injL> from fuKi " C., the lower 
lit in optical pyrometry, to may he determined with the 

ove instruments with ])ractical accuracy. 

Le Chatelier was the lirst to perfect an o])tical pyrometer and 
t it into convenient form, which he did in "The he 

.atelier apparatus is a nuxlitied photometer in which the li^ht 
)m the heated surface under observation and that from a 
iidard fj^asoline lamp are focused before the eye in 
Kirate (ields, side by side, for the pur])ose of comparison, 
adin^^s arc ol>tained from a scale attached to an adjust.able 
Lphragm, by means of which the li^dit frotn the source under 
■nervation is diminished until the two lields are the same in 
ensity. Absor])tion ^dasses are employed when very high 
Li|)eratures are to be determined. Since the eye is more sensi ■ 
e to red light the entire oliservation area is seen througli 
cd glass. 

I'hc Wanner Pyrometer, which was brought out in ipoi, was 
‘ first of the s])ectrophc>t()meter type. 1'he standard light usetl 
;h this apparatus is a lamp burning amyl acetate, h'or con- 
lienee in use an incandescent lamp is used, though it is neces- 
■y to standar(H:?ie this with the amyl acetate lamp and to rare- 
ly regulate the current to keep tlie brightness of the electric 
ip constant. Fig. p shows the es.sential parts of an o|)tical 
’ometer of the Wanner type as arranged for stamlardization. 
e dotted lines indicate the paths of the light rays from the 
yl acetate lamp, h, and the incande.scent lanij), N. 'Phe liglit 
m N is reflected by the right angle t)ri.sm. \\ and ])asses into tlie 
-ometer tube through the slit while the light from h comes 
night through the slit IV dVe rays from the two sources are 
t rendered parallel hy the lens, <),, and then changed to a 
itinuous spectrum hy the prism, I\. 'Phe Roclion prisiti, P;j, 
ct separates the rays into polarij^ed planes at riglvl angles. 

1 J. de Phys., (3) 1, p. 185. 
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planes at right angles and appearing as contiguous, red (ields, \\, 
is a Nicol prism known as the analyzer, d'his may be revolved 
concentrically with the axis of pyrometer tul)e, and the angle of 
rotation is measured ui)on a scale by a linger attached to the 
revolving member. If the analyzer is at an angle of 45 ' with 
the i)lain of polarization of the light from tlie two sources and 
the light from them is ecpiab the ob.server, looking through K, 
sees a single red disc of light. If the light from one source is 
more intense half of the field will be brighter, but eciual bright- 
ness is established by turning the analyzer. In standardizing 
the pointer is set at the angle which corresiionds to the tem|)era» 
ture of the amyl acetate flame, and the current is adjusted hy 
aid of a rheostat until the intensity of the incandescent lamp 
corres])onds with that of the standard. 'Phe ai)paralus is now 
ready for use, the light from the vSOiirce under observation being 
substituted for that of the amyl acetate lam]) and the electric 
light becoming the standard for com})arison. d'he scale may be 
extended by com|)arison with standard ])yr()meters or it may be 
calibrated upward indefinitely in accordance witli Wien’s law.® 

The direct, temjierature-reading scale is due to ( 1 . A. Shook,* 
who has also designed scales for the above |)yrometer to read 
temperatures of substances which do not fulfill black body condi- 
tions. A se])arate scale must be calibrated for each substance 
in accordance with its emissive jiower. 

Melting Point Pyrometry.—l laving once determined, liy the 
most accurate means available, the melting ])oinls of pure salts, 
metals or other substances of definite composition, these sul)stan- 
ces may be used as a means of determining temj)eratures or of 
calil)rating pyrometers. ( )ne of the most common applications of 
this method is the use of clay ])yramids, already described ( |). 21 ). 

Having made these from a clay of definite com|)osition and 
tested them in a known tem])erature, that temperature will lie 

* Wied. Ann., 58 , p. 662 ; 1896. Thi.s subject has also been investigated 
by Planck, Pa.schen and Wanner whose papers were i)nbliHhc*d in Ann. d. 
Phys. (1899-1900) and elsewhere. 

Met. & Chem. Kng., XL, p, 532. 



indicated by the softening- of other pyramids made from the 
same clay. 

Pyrometer Records. — ^I'he usefulness of pyrometers has been 
greatly enhanced ])y the introduction of automatic recorders. 
Any pyrometer which indicates temperatures continuously and 
without adjustment l)y an attendant may control a mechanism 
which plots the temperature record autograpliically or photo- 
graphically. Autographic records are plotted <»n jiaper charts 
which are ruled to represent units of time and temperature, and 
photographic records are made upon sensitized plates or jllms 
which are acted upon hy a ])eam of light refk‘cte<l from a mirror 
on the moving- system of the galvanometer or other instrument. 
The photogra])hic method is capable of great ]u*ecision, hut it is 
generally unsuitable for practical work, owing to the inc(»nven” 
ience of having to develop the record before it can he seen. In 
general, the direction of the curve representing time is obtained 
hy aid of a clock movement or a con.stant speed motor. 

Recorders are chiefly used in connection with tliermo electric 
and resistance pyrometers, and are known, according t(» their 
manner of working, as deflection and halattee inslrnments. 'Phe 
essential difference is that deflection instrumeiUs make the record 
by direct contact of the galvanometer needle with the chart, un 
less the apparatus is photogra]>hie, and l>alanee instruments em» 
ploy a separate mechanism which i)roduees the record, and at 
the same time, restores an electrical balance to the galvanometer. 

The Bristol recorder, shown in Fig ro, is of the <lefleetion type, 
and is specially designed for use with base metal couples, which 
give a comparatively high electromotive ft)ree. Tlie recorder 
consists of a galvanometer and a clock movement for tiriving 
the chart upon which the temperature is registered. T\w gal’ 
vanometer needle is extended into a .slender arm, whielt is bent 
at right angle near the end and pointed. 'Plu' chart revolves 
behind the pointer, and is accurately ruled to itulicate the posi- 
tion of the pointer in terms of temperature <lcgrees. The cliart 
has a sensitized, smoked surface whicli takes an impritit from tlie 
pointer hy momentary contact with it at frequetit intervals. The 




contact is made hy vi])ratin^ the charts whicli is done by a luech ^ 
anism under control of the clock movement. A jjraclically con - 
tinuous record is thus obtained. 

The Bristol recorder is also desi^ne<l to ,^ive a record in ink. 
The galvanometer arm carries a ca])illarv gold tube, one en<l of 
which is brought into contact with the cliart and the otlun* end 



is simultatieously touched by an inking pad. A line ink dot is 
thus printed every lo seconds. Except for the moment the re 
corder arm is thus engaged it is free to take up any position. 

The Leeds and Northrup apparatus is a representative of the 
balance type of recorders. Its mechanism will be understood 
from the following descri])tion and by reference to the drawing, 
Fig. 1 1, and subjoined legend. 'Phe moving galvanometer coil, 
(), carries a square rod pointer, .shown in cross*section directly 
below the letter. Aside from the galvanometer, the entire 
mechanism is actuated by the shaft, N, which is driven by a con- 
stant si)eed motor. 'Phe shaft carries the cams, and 

l)y which motion is communicated to the ditTereut ntembers. 
The cam lifts the rocker arm, II, and the face, I, lifts the 
pointer of the galvanometer against the arm of one of tlie riglit 
angle levers, L and Lb if the pointer is deflected, or if not de™ 
fleeted the pointer is lifted through the narrow ga]) between the 
levers, and no motion is communicated to either. Being piveded 
at the |)oints, r and r', tlie levers will ol)viously he rf)tated by the 
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interposition of the pointer throu|;;h an are proportional to the 
arc throiii^h which the pointer is dehected. 'riu* lexers are lu‘ld 
by the coil sprinj^, v^, so that the lower eiuls press against the 
])osts, P and P', which are a ])art of the clutch arm, B. 'riu‘ 
clutch arm is |)i\’oted on tlie suspended lever, I), concentrically 
with the disc, A, against which it is pressed by a spring to form 
a clutch. At the same lime the cam, effects the rotation 

of the arm it is pushed away from the di.se by the cam, but 
the clutch is restored as soon as the above described motions arc 
completed. The arm is lirought hack to its hori/.ontal position 
l)y the cam, C', if it was rotated clockwise, or by if it 

was rotated counterclockwise, and the di.se, being now in en- 
gagement with the arm, revolves with it. As may now be seen, 
a deflection of the galvanometer will cause a proportional move- 
ment of one of the right angle levers; this motion is communicated 
to the clutch arm, and this, being subse(|uently restored to the hori- 
zontal iK)sition while engaged with the di.se, revolves the <Hsc, 
clockwise or the reverse, through an arc proportional to the 
needle deflection. A wheel carrying a .slide resistance is mounted 
on the same shaft that carries the di.se, and by means of this the 
resistance in tlie electric system is balance<i, and the galvanom 
eter needle returns to zero, fl'his shaft also carries a cord 
wheel for placing tlie pen carriage in position on the chart rela^ 
tive to the galvanometer deflection. 'Phe sensitiveness of the 
galvanometer is unatTected, since no ])art t)f it e.xcept the iJointer 
is at any time engage<l with the recorder mechanism, and tlie 
pointer is free, except at brief intervals, to take any position 
within its arc of rotation. 

This recorder may be used with either a resistance or a thernur- 
electric pyrometer. 'Phe Wheatstone method of balancing re* 
sistances is used with the former, and with the latter the |)oten» 
tiometer method is used. 'Pliis consists in balancing the voltage 
of the thermo-couple against a variable known electromotive 
force. 

Fig. 12 is a ])hotograpliic view of a heeds and Northrup re- 
corder which is de.signed to print a number of temperature 
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records on the same chart. A print wheel is substituted for 
the pen, and the different teinpcraturcs are represented by iii^ures 
which are printed in the i)roper positions on the chart. The 



Fig. 12. -Pyrometer Recorder. (The Ueedn mid Northrup Co. I 


galvanometer is successively connected with llie different pyruin« 
eter bulbs by a switch which is manijmlated autoinalieally. I'he 
records are, therefore, intermittent, the time of intermissitui in- 
creasing with the miml)er of records carried. 


Cl! Ain* ICR IV 


runs 

"Pile three physical coiulitions of inalter are re])reseuteil in the 
fuels. Practically all the fuels used in nietallnrjj^ical oi>erations 
consist of some kind of coal, or a product of coal. Not intre 
quently constituents of an ore that is heinj^ smelted or ol a metal 
that is being retined play the role of a, fuel, in some instaiu‘es 
furnishing all the necessary heat. 

'Pliere are several points favoring the use of fluid and gaseous 
fuels. On account of the ease with whicli they can he handled 
and their freedom from foreign matter, gases can he hurnl with 
greatest economy, technically S])eaking, and a higli temperature 
is reached in a minimum time; the lieat can he directed to the 
locality desired and the temperature easily controlled; the ecm 
tents of the furnace is not contaminated with foreign matter, 
and there is no ash to he <lis]K)sed of. In conse([uenee of these 
facts greater uniformity of working is possible, d'ltere are, how 
ever, some important operations retjuiring fuel in the solitl form, 
and the relative almndance and low cost of solid fuels maintains 
for them first place. 

The industrial fuels embrace <[uite a variety of suhstaiu'es. 
vSome of these arc used in their natural state and s(jme are arli 
ficially prepared. In the elassificalion of fuels the lirst division 
is, therefore, suggested. Representative analyses of the fuels are 
given on p. 66. 


THE NATURAL FUELS 

Wood.— Air dried wood consists mainly of cellulose V. ) 

and a variable amount of uncomhined water. Its usage as a 
fuel continues in localities where forests abound and coal is dear. 
The heating power of wood is low, as would he inferred from its 
composition. Being the material from wliicli charcoal is pre- 
pared, wood is still of some importance to metallurgical industries. 

Peat.—d'his material, though of hut slight use in metallurgy, 
is interesting from a scientitk standpoint in its relation to the 
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other fossil fuels. I^eat is formed ])y the deeonipositi^m td 
etable matter without free access of air. In the com[N)sition ot 
l)lant tissues carbon is the nucleus or central element with which 
the other elements, chiefly oxyj^en and hydroi^en, are eombineti. 
These elements are attached to the carbon by feeble chemical 
bonds — a characteristic of car])on compounds and in the <Iecom 
position of plant matter under peculiar conditions the carbon is 
gradually isolated, though a part may pass off in combination 
with hydrogen as marsh gas (Cl I/), and a part in cinnhinatitui 
with oxygen as carbonic acid gas { C't ). ). The localities in which 
peat forms are swampy, the necessary conditions being plant 
growth to furnish the earhonaeeons material; suflicient warmth 
to promote decomposition, and the presence of water, which etn 
ers the deposit and prevents eomj)lete ckaannposition. When 
conditions have been favorable this process has gtme oti year 
after year, eacli crop ])cing depositcfl on the remains of the 
one preceding, until a peat bed of considerable depth has been 
formed. 'Phe gases mentioned above are easily detected in pcat\ 
marshes. Large deposits of peal occur in Ireland, and in les^ 
quantity it has l)een found in the northeastern part of the Lnited 
vStates. 

It is readily seen from its compusilitju that peat is a poor 
fuel. It is extremely variable in composiliem, tlie carbon varying 
from 50 to 60 per cent, in dried samples. The ash may be as 
low as I or as high as 33 per cent., due to the athnixture of 
earthy matter, '['he l)est })eat is found at the bottom tT the bed, 
where decomposition has proceeded furthest. In tlie surface 
portion the i)lant roots and .stems can he seen. Ikxu is Ick^ bulky 
to he transported profitaldy. Its value is greatly increased by 
drying and pressing. It is manufactured fc*r domestic use intt» 
l)riquets. 

Lignite,— 'Phis material belongs to a more recent geological 
period than the true coals. In comi)osition it may be considered 
as intermediate l)ctvveen peat and coal principal depcisits 

of lignite in the United v'^lates are west of the Mississippi River. 

The lignites are charaeterixed l)y their brtnvnisli streak and 
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luster and fre(|uently l)y their woody (lij^’neous) struelure, show 
in^ perfectly the g’rain of the wood from which they are lonued. 
Whole trunks of trees are sometimes found imbedded in li|4'nite 
dej)osils. Lignites are often spoken of as the “brown coals. 
They are ([uite varial)le in composition, and are com]>aratively 
poor fuels, though they may be proiitably used for making gas. 

Coal.— Modern metallurgy is dependent for its tuei almost en 
tirely upon coal, or varieties of fuel derived from coal. No sub- 
stance has been mined so extensively as coal, and no other sub 
stance is the source of so many and varied manulactured prod 
nets. There is still much that is not^^^derstoo<l about the 
formation of coal, but tlierc is no doubt fliit it is of vegetable 
origin, representing the oldest of such fbniations. . All woody 
or librous structure has di.sap[)eared in theArue vamls, ami in 
some varieties the carbon has ])ecn almof^t iiompletelv isolatcal. 
Quite a good deal may be learned about the C|jmp<>?ilion and 
pro|)erties of a coal by a simple examinati(^U. Thtk^is cc|ulucteil 
as follows: ^ 

A certain weight of the coal to be exaitiined in pul into a 
weighed crucible. .After covering the crucible to, 'prevent the 
escape of solid particles, it is heated gradually to brif^it redness, 
and that temperature is maintained for a fevv' niti||te^^fter 
which the crucil)le and its contents are cooled .and agaiw* weffiual, 
d'he volatile matter, or loss in weight, consists partlv^f 
but chiefly of hydrocarbon ga.ses re.sulting from the decoti^jsi 
lion of the coal. 'Phesc with some hydrogen and Ipossibly su! 
phur constitute the “volatile combustible matter” of coals. The 
residue in the crucible consists mainly of carbon and the nom 
combustible part of the coal, or the ash. If the volatile matter 
is very high, the residue will have fused or cemented together 
into a cake of some firmness. If the coal softens and swells a 
good deal, the cake is left light and friable characteristic of coals 
high in volatile combustible matter. If on the other hand, there 
is but slight softening and less volatile matter, the cake is harder 
and firmer and more difricult to burn. Such a residue is termed 
a true coke. The experiment may be further contimual by re- 
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moving the crucible lid» unci heating externally until tlic carl u a 
of the residue is entirely consumed. The residue now remainin|j 
is the ash, which is determined directly by weighing. 1 he dif 
ference between the sum of the weights of volatile matter an< 
ash, and the weight of the coal is called “lixetl carlnm/’ a tern 
which is practically though not absolutely correct. It the vola- 
tile matter is very low the residue in the covered rrnciblc wil] 
appear the same after as before ignition. 

The Coals Classified.— The fundamental proi)erlies of a ci»a 
may be learned from the above ex]>erimenl, and alst* its fitness 
as a fuel for certain oj)erations. b'or industrial purposes, coah 
are classilied according to their beliavior during combustion, 
Some burn with and some without llamc, the fonucr usual] v 
showing a tendency to fuse or soften when heated. In general 
those coals yielding volatile combustible matter, and ctnisetfuently 
burning with a flame are called hitiufiinous, and thcjse yieldini^ 
but little volatile matter and burning with practically mi flame 
are called anthracite. 

Bituminous. — The coals of this class vary much in ctunpositimi 
and general properties, d'hoy are intermediate lietwccn the lig- 
nites and the anthracites, and may be said to represettt every 
stage of transition between these widely difTering classes. There 
is, however, no sharp line of difTerence between lignite ami true 
coal, or between bituminous coal and anthracite. Tlie Intumiuotis 
coals are characterized by their black or brownish aAnr, dull 
luster, cubical or concoidal fracture and the ea.se with wliich they 
burn. They are, by far, the mo.st abundant, and are very widely 
distributed. With further reference to their manner cif burning, 
the bituminous coals are divided into the following general 
classes : 

Class I. Cannel Coals,— This class differs from the others 
in several particulars. The cannel coals burn witli greatest case, 
and many varieties can be kindled with a match, hut they do not 
soften when heated. They are dense in structure, Idaek with a 
dull luster, and do not soil the hands. Cannel coal is readily 
distilled, and yields a rich illuminating gas, the residue contain- 
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irio- l)ut little c()inl)ustil)le matter. 'I'lie peroenta|:(e of ash in can 
nel coal is i>'cnerally liij^h, rendering it imtU for direct firing. 

Class 2. hoiKj-Plamc, Cakhuj Coals, This class comprises 
what are generally known as the soft coals. 'Phese coals resemhle 
the cannels in burning with a long, smoky ilame, hut unlike the 
cannels, they soften and swell when heated, and if finely divided, 
run together forming a i)asty or tarry mass. 'Phe volatile matter 
distils off from this, leaving a light, ])orous cake. If the cake is 
dense and hard it indicates that a large amount of mineral mat- 
ter (ash) is present. ( )n account of this fusing jn*operty special 
methods of firing arc employed, where clinkers are objection- 
al)le or the draft would be shut off. 'Phe long flame coals are 
much used for heating boilers, for certain types of furnaces and 
for making gas. 

Class y. Short-Plamc, Cokiiuj Coals,^ 'Phis is now the most 
im])ortant class of coals on account of the variety of industries 
it affects, it embraces all varieties of coal which can be used for 
making metallurgical coke. 'Phe typical coals of tliis class burn 
with a short flame, yield less gas than the other bituminous coals, 
and tliey soften and swell but little when burning. W’hen burned 
under proper conditions they cement together, forming a dense, 
hard coke of high calorific power. 'Phe best varieties yield about 
So per cent, of coke. 'Phese coals are largely used for raising 
steam, but their chief use is in coke making. 'Phey will be further 
.studied under this subject. 'Phere are a number of varieties im 
termediate between the coking coals and anthracite. 

Anthracite."” 'Phe anthracites represent the oldest of all the coal 
formations. 'Phey are found in many parts of the world, but in 
comparatively .small (luantities. 'Phe largest known deposits are 
those of Kastern-central Penn.sylvania. 'Phe characteristic prop 
erties of true anthracite are superior hardness to all other coals, 
su1)metallic luster and density of .structure. It rings when struck 
and soils the hands Imt little. When burnt in a plentiful supply 
of air, anthracite gives little or no flame, being practically frc'c 
from volatile gases. It shows no tendency to soften in the lire, 
and is difficult to kindle. Anthracite is not much used in metal- 
5 
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lurgy except as a reduciiiji^ a|^eiU where coke wouh! aitswer. 
It is the favorite clonicstic coah aiul is used {pule exteuNiwl} ior 
heating boilers, especially locomotive boilers, 

Natural Gas.— Phe chief component of this remarkable fuel i- 
marsh gas, the same substance that is formed by the deiannpusi 
tion of vegetable matter in peat formations, and is always iouud 
in soft cord and oil nie<'isures. The presence (d* natural 
which is always associated with petroleum, is due partly la the 
retaining i)ro])ertics of the rock in which it occurs. It is found 
in porous limestone and sandstone, usurdly under great pressure. 
The only large deposits of natund gas known are in the laiited 
States. It was discovered at a few points more thati ri hundred 
years ago, the lirst recorded use of it heiiig at h'retltinia, X. W 
(1821), where it was used for lighting pur|H)ses. (»as was <lis 
covered in Western Pennsylvania ])y oil prospectors, atnl this 
led to the opening of the immense nservoirs in t >hi«r Imliana 
and West X'irginia. (his has been found in all nf the t )hio 
Valley .states, Kan.sas and ( )klahoma in large (plant it ics. Xearlv 
all of the middle states from New York to Texas ])r«Hluee some 
gas. d'he most important recent discoveries have heen made in 
California. It was the common lielicf for a whiU* that the 
gas deposits were inexhauslilile, and large (plant it ies of this 
valuable material were wasted, there being no immediate use for 
it. Up to the year i8(j5 more gas is said to have been wasted 
than was actually used. The idea of pii>ing it to tlie dis 
taut cities and manufactories had not occurred to the oil seekers, 
Wells were drilled into the gasdiearing rock, and after allowing 
all the gas in that vicinity to escape,* tlie wells were Hiuik deeper 
for the oil. When it was found that the supply of this ready 
made fuel was l)ecoming exhausted, steps were taken t(» utilize 
it, and the i)rice began to advance. Uas is led tliroui^h pipes Ui 
centers of large consumptian often at great dislatiees. It is 
impossible to tell how long natural gas will last, even if the rate 
of consumption were known, Imt it will prohalily not hv ustn! 
many more years in the metallurgical iudustries. 
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THE PEEPARED FUELS 

The artilicial or ])re|)are(l fuels, as (leseril)e<l in this text, arc‘ 
those which have been chemically altered from their natural 
state. They are |)re])are(l almost exclusively from coal and wood, 
and, ])ractically s|)eakin^', are either solids or ^^ases. 

The principles made use of in the manufacture of fuels are 
destructive distillation and partial c()ml)Ustion of the natural 
material. Processes involving' destructive distillation arc com- 
mon in chemical industries. Py the term is meant the heatin^^^ of 
any compound without access of air, until it is decomposed, atid 
the volatile constituents are driven olT. In the destructive distil- 
lation of fuel materials, the ])roducts are compound li^ases, tarry 
matter, water holding various substances in solution, and a 
residue of carbon with varying amounts of im])urities. Tlie resi- 
due is usually the ])roduct aimed at, while the others (the l>y“ 
])roducts) may be utili^ied, thou^di they are often allowed to 
waste. 


Charcoal.— When wood is distilled the hydro^am and oxyiJ^en 
pass off mainly as water. A small ]){)rtion of the carbon also 
passes off in combination with these elements, while the f»Tealer 
part remains behind in a ])ractically ])ure form, as charcoal, d'he 
pre])aration of charcoal was en^a^ed in by the ancients, atnl is 
still an imj>ortant industry, thoujj^h the use of this fuel in metal- 
lur^^y has been almost abandoned. 1'here are, however, even in 
civilized countries, districts that are heavily wooded and without 
coal, in which lar^e amounts of charcoal are made and used. The 
com])osition and t[uality of charcoal depends ui)on the kind of 
wood from which it is made and the maimer in which it is pre- 
pared. Mature woods of slow growth are the best, and the 
charring should lie done slowly and until tlie fired carbon liegins 
to burn. From this it is seen that the best charcoal is not made 
by purely distillation processes, (/ood charcoal retain.s the 
structure of the wood showing the pores and rings of annual 



fj;ro\vth. .It slionld he tirni. and should hum without llaine in : 
plentiful supply of air. Charcoal has a reniarkahly ahsorheu 
])o\ver, taking uj) many times its own volume <if a gas, <ir a <|uun 
tity of water. Jmr this reason its usefulness as a fuel is greatl} 
imptiired hy cxiHisure to the wetither. 

Chtircotd is ;i l)y-])roduet in the manufacture of acetic :ici( 
iind methyl alcohol. 'Phis is of :m inferior grade, as the wood i; 
di.stilled from retorts that tire he.ated externally. ;unl to which in 
;ur is admitted. 'Plie re.sult of this is that no coiuhustion t:d\w 
place, and the residue is not completely charred. 'Phe charriiijj 
is most complete when the volatile comlmstihle matter is hnrnei 
in contact with the wood, no external hetil heing useil. In local- 
ities where large <iuantities of charcotd are used, it is made ir 
heaps covered with turf, or in ovens, constructed so that the 
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proper timount of air can he admitted. 'Phe wooii for charcoal 
hurning .should he felled in winter, while it contains the least 
.sap, and allowed to season until late in the following sumnier, 
If ke]>t longer the wood might become too dry. and loss would 
occur in hurning. The hark is sometimes stripi.ed otr. as it con- 
tains phos])Iu)rus, :md makes inferior cliarcoal. 

Fig. 13 shows the arrangement of a chareoa! heap or nioniid. 
One half of the drawing is a seetion through tlie interior, show- 
ing the arrangement of the wood. 'I'he heaj) is hiiilt upon a 
circnhir foundation of earth, which is trenched around for drain- 
Ve. 'Phe diameter of the heap at the Iiase is aliout 40 feet, and 
it eontaims four courses of wood cut in 4 foot lengths and set on 
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end The wood is set around a central, trian^j^ular tlue, the small 
and crooked pieces l^eing placed on the exterior. 'I'lie finished 
heap is covered with lea\'es, and upon these a seven inch layer of 
earth is thrown. The top of the line is left open for lirinjn‘ the 
heap, and openings are made at intervals around the base to 
admit air. 

The heap is kindled by droi)ping tire brands down the central 
flue and Riling it with dry wood. 'I'he opening at the top is then 
closed, and the Rre is left to smolder. At the end of two weeks 
the charring is well under way. d'he process is now hastened by 
opening a row of small holes around the mound at a distance of 
2 to 3 feet from the ground line. 'Phe wood in the upi)er and 
central portion of the heap is the Rrst to be converted into char** 
coal, and the charring proceeds downward and outward. The 
collier packs the earth down upon the heap, and carefully avoids 
any access of air in the upper part. As the (ire a])proaches the 
circle of small flues the smoke issuing therefrom becomes l)lue 
and hot, all water vapor having disappeared. 'Phe flues are closed 
and another lot is made further down. When the lire reaches 
the second line of flues the process is completed, d'he time 
required is i8 to 2i days. A heap of the above dimensions should 
yield upwards of 2,0(X) bushels of charcoal. 

Coke. — Coke was first manufactured and used by Dud Dudley, 
an English iron master, in the early part of the 17th centtiry.^ 
The peculiar condition of affairs in hyiigland at that time did not 
permit Dudley to reap the fruits of his invention, and Ins enter-” 
l)rise had to be abandoned. It was almost a hundred years before 
coke making was resumed. Its superiority over coal as a blast- 
furnace fuel once fully appreciated, coke was soon made on the 
large scale. 'Phe original i)rocess consisted in smoldering a hcai) 
of coal under a cover of earth or cinders, the product being irreg- 
ular in quality and the yield low. Coke was first manufactured 
in the interest of the iron indinstry, which industry has continued 
to l)e its chief consumer. 

* A reprint of Dudley’s intere.sting paper “ Metalluiu Marlis*’ appeared 
ill Jour. Iron and Steel Inst., 1872, 2, 215. 
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The ])reseiit processes of coke luaiuifactiirc cinpltn' three < 
tinct methods for disposing’ <»f tlu* Vdlatilc comhustilde prtuhti 
or as they are known, the Iw* prtuhuis. llcni'e there are th 
divStinct typos of oven. In the ovens tT the lirst type the hy p 
ducts are consumed for the most part in the oven, and iti coui 
witli the solid matter, the comhustion being tlnislied at the nioi 
of tlie oven. A small amount ot air is nci'cssarily atlmitted ii 
tho', o\'en to accomplish this result, d'he (jveus of tlie sect 
class do not admit air, hut the by ]>n>tlucts are distilled tiff r 
burned underneath or at the si<les of the oven, furnishing 
necessary amount of heat to carry <m the distillatiou. The th 



class of ovens makes use of the ittitial heat of the by produ 
for the distillation, but recovers the larger part of tliem for otl 
l)urposcs. 

I. 77m Beehive Oven,- 'Vlie form of this oven suggests i 
name. The section of a beehive oven is shown in I'ig. 14. 
is a hemisjdierical enclosure, lined witli fire brick, the otr 
walls being built of rough stone or enher cheap material. 7' 
circular opening at the top is few introducing the charge, a 
is the flue from which the products of comljiistion and distil 
tion escape. The opening at the side and liase is for witltdrawi 
the coke. Fig. 15 shows the general arrangement of the uw 
These are called “hank’’ ovens. They are alstj Intilt in doul 
rows, and are then known as “block'" ovens. Tim liimk (nens : 
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clieaper to construct, but the block ovens can be operated more 
economically. A railway traverses the system, and over this the 
larry with coal for the ovens is driven. The larry is generally 
0]>erated by electricity. The space in front of the ovens is the 
coke yard, and below this is a standard gage track for the coke 
cars. The ovens are built as near the coal mines as practicable, 
so as to save transportation costs. 

Coke burning in beehive ovens is a simple operation and re- 
quires .no skilled labor, 'khe crushed coal, or slack is charged 
and kindled, enough heat remaining after each charge is with- 
drawn to kindle the next. The door at the side is closed with 
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the exception of a small opening to admit the necessary amount 
of air. 'I'he temperature rises slowly, and after a few hours a 
flame appears at the mouth of the oven. Heat is reflected upon 
the mass from the dome-shaped lining, and it becomes glowing 
hot after most of the volatile matter has been driven off. Com- 
bustion may be said to begin at the top and proceed downwards. 
In an oven taking a charge of 5 tons of coal, the time required 
for driving off the volatile matter is about 48 hours. The coke 
may be taken at this stage, but it is usually allowed to remain in 
the oven for 60 hours from the time of charging. During the 
last 12 hours the side door is closed completely, while the coke 
remains at a bright red heat. Water is now introduced into the 
oven at the top, by means of a hose, until the coke is cool enough 
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to handle. Tiie coke is raked out threm^h the si<ie door by labor- 
ers. Mechanical drawers have been installed at some of the 
large plants. 

2. Ovcjis lischidint/ .Hr and lUtrnbui the HyH*roducts. While 

the beehix'C oven is clieapest to build ami to operate, there is a 
tremendous waste of heat sustained, and by the admissi<m of air 
into the oven some of the c<d<e itself is burnecl. I'hese losses 
have l)een greatly lessened by e.xcludiug the air fiaan the coking 
chamber, making the process entirely one of distillation. The 
necessary heat is generated by burning the t>rotlucls of distilla- 
tion underneath and at the sicles of the chamber. The Copee 
oven may he taken as a representative <»f this class. It dilTers 
entirely from the beehive oven, the interior Iwing rectaiigulur and 
mea.suring 30 feet in length, i W* wdlth ami 4 feet in 

height. The roof is arched, and through this three tjpenings with 
hoppers are provided for introclueing the charges. A number of 
these ovens are built in series with the longer axes parallel 
About 30 vertical flues are built in each wall amnnon to two 
ovens. These open into the ovens and into horizontal Hues 
situated under the ovens and running their entire length, Small 
ports open into the flues from the top to admit air. 

An oven being liot from previous rmmiug, receives a charge 
of fine coal, and the ends of the chamber are close<i with iron 
doors, 'file distillation begins at once, and the gases pass into 
the vertical flues where they are mixed with air ami ignited. 
From these they arc conducted into the liorizcmtal flues where 
the comlnistion is completed. The heat generated by tlie burn- 
ing of these gases is trartsmitted to the coking cliamber. The 
ovens are worked in pairs, the one being charged when the tlis- 
tillation in tlie other is half done. 1'lte supply of gas is ke|H 
up in this way. 

3, (hums Hxcludhuf .Hr and Recovarinii the liy-lhaduiis,-- 
It was seen from the cle.scrijdion cjf the ('opee ewen that the Iw- 
products are not made use of ex<Tj)t in connection with tlte cok- 
ing process. 'Plic heat needed fc»r distilling a coking coal is far 
less than tliat produced by Imrniug the volatile products. In 
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recognition of this fact the by-product oven has been designed 
to reserve a part of the volatile matter, to be used for other 
purposes. This is accomplished by utilizing the initial heat of 
the gases as they come from the oven, and burning as much as is 
necessary to keep up the temperature of distillation. Of the by- 
product ovens now in use, the Otto-Hoffman is the most promi- 
nent. This oven has itself undergone changes in the details of its 
construction, some important improvements having l^een intro- 
duced. It is of German origin, being the improved form of one 
designed by C. Otto, of Germany. 

Fig. i6 represents a type of Otto-FIolfman oven. The sec- 
tion to the left of the line AB is through an oven chamber, and 
the section to the right is through the wall l)etween two ovens. 



Fi){. i6. 


'riie ovens are supported on arches of masonry, and the super- 
structure is reinforced with beams and tie-rods. Three larries 
traverse the system on top to supply coal to the ovens. The 
openings for introducing the coal are shown in the section to the 
left of the line AB. The opening to the extreme left serves for 
the passage of gas from the oven, from which it is conducted 
into the main, shown in cross-section. The coke is pushed out of 
the ovens by means of a ram, which is shown at the left. This 
machine traverses the entire system of ovens at right angles to 
their axes. It carries a long beam or plunger with a head corre- 
sponding in shape to the cross-section of an oven, and an engine 
for driving the beam to and fro. With this device an oven is 
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quickly emptied of its charge, and the coke is quenched entirely 
outside. 

In heating these ovens, the regenerative principle is enii)loyc(l. 
The arched chambers, shown in cross-section at the right and 
left of the foundation, are lilled with checker-work of iire-hrick. 
This admits of the free passage of gases through the chambers, 
and exposes a very large surface for the heating or cooling of 
the brick work as the case may be. The waste products of com- 
bustion are led through one of these regenerators until the brick 
work is heated to their own temperature. The air for the com- 
bustion is heated by passing it through the opposite regenerator, 
which has ah'eady been heated. i*iy means of reversing valves, 
the hot gases and the air are alternated in their courses so that one 
of the regenerators is l)eing heated while the other is heating the 
air. With this saving of waste heat, the amount of gas needed 
for heating the ovens is much lessened. The com])ustion takc‘s 
place in a chamber beneath the division walls, the gas being 
admitted alternately from burners at the ends of the ovens, and 
air from the regenerators, 'fhe products of combustion arc di- 
rected upward through the vertical flues in one half of the i>arti- 
tion wall, then through the horizontal flue above the oven and 
downward through the vertical flues in the other half of the 
partition wall. The heat i)asses through the thin walls of lire- 
brick and distills the coal. After surrounding the ovens the 
products of combu.stion are led through the regenerators, and 
finally into the main flue communicating with the stack. 

The gas from the coking chaml)ers is cooled to recover tar, 
and then passed through scrubl)ers which recover ammonia. The 
purified gas is suitable for illuminating purposes. 

Important improvements are being introduced every year, 
bringing about greater economy in operation or higher yield, 
and in some instances a better quality of product. Some of the 
most notable improvements have been in the introduction of 
coke quenching machines. 

Coke Quenching Machines.— These machines are designed to 
quench a charge of coke without exposing it to the air and with- 
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out ])reaking the mass to pieces as it is drawn from the oven. 
The c[ueiiching machine is essentially a closed iron car of suf- 
ficient capacity to hold the entire charge from an oven, and pro- 
vided with the necessary apparatus for spraying the coke and 
discharging it when it is (piehclied. The water is delivered to 
the coke through nozzles inside the car. The coke is pushed 
into the car by means of a ram, and is quenched by the water and 
steam, the conditions being somewhat the same as in the beehive 
oven, in which the coke is quenched by running in the water from 
the top. The coke is discharged mechanically into freight cars, 
thus doing away entirely with manual labor. 

Desulphurization of Coke. — All grades of coke contain some 
sulphur, a very olqectionable ingredient in any fuel to be used 
for smelting iron. The sulphur exists in the coal principally as 
pyrite (FeSo), and is largely, though not completely, evolved 
in the process of coking. Various attempts have been made to 
remove this remaining sulphur from coke, Init no process has 
proved satisfactory for general use. One, however, that is 
worthy of notice consists in passing steam through a heated 
mass of coke to decompose sulphides and convert the sulphur 
into a volatile form, thus : 

)==Fe,( ),+3H,S. 

The difticulties here met with are due to the fact that carbon 
decomposes water at high temperature, entailing a loss of coke 
and disintegration of the lumps, and to the failure of the steam 
to permeate the coke mass thoroughly. 

Practical Cousiderations. — The preparation of coal for the 
oven has an im])ortant bearing on the quality of the coke. After 
crushing the impurities are removed from the coal as far as 
possible, 'riiese consist principally of shaley and earthy matter, 
wliich would increase the amount of ash from coke, and of iron 
pyrites, which accounts for most of the objectionable element, 
sulphur. The impurities are removed from coal chiefly by wash- 
ing processes. The coking power of coal is roughly determined 
by heating it with varying proportions of sand. The coking 
l)Ower is expressed by the number of grams of sand per gram of 
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coal that can be treated with a coherent coke as the result. It 
is shown, then, that the quality of coke depends largely upon the 
quality of coal from which it is manufactured. If the coal is 
too hard, it will not soften in the oven sufficiently to produce a 
coherent coke. If, on the other hand, the coal is too soft, the 
coke will be light, friable and of low heating value. Coke may 
be prepared from the harder coals by first mixing them, after 
crushing, with soft coal or any material yielding much tar, and 
pressing. A process is now in use for making firmer and more 
compact coke from the softer coals, which consists in ramming 
or packing the coal as it is charged into the oven. Aside from the 
improvement in the quality of the coke a larger yield is gained 
by charging compressed coal, and the amount of coke breeze 
produced is lessened. 

C. G. Atwater, in his paper on ‘'Development of the Modern 



Fig. 17. 


By-Product Coke Oven,”^ gives some interesting data on the 
progress of coking in the Otto-Hoffman oven. The diagram 
(Fig. 17), taken from his paper, shows the progressive tempera- 
tures in different parts of the oven. The drawing at the right 
represents the door of the oven, and the small circles the points 
at which the holes were bored for taking the temperatures. The 
numbers correspond with the numbers of the lines in the diagram. 
This experiment shows that the distillation begins in that portion 
of the charge lying next to the oven walls, and proceeds toward 
the center of the mass. The gases passing from the interior, on 
coming in contact with the hotter coke, deposit carbon, thus in 
’ Trans. Amer. Inst. Min. Rng., 33, 760. 
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a measure accounting for the increase in yield over the l)eehive 
oven. 

The economical operation of by-product ovens is largely offset 
by their high initial cost. As coke ])roducers for blast furnaces, 
they have been made to compete with the beehive ovens in this 
counti'y. It is the common belief that l)y-[)roduct coke is inferior 
to that produced in beehive ovens for l)last furnace work, l)Ut 
this is not necessarily so. d'he production of l)y-product 

coke, both for domestic and industrial uses, is yearly increasing. 
The statistics below have their signiHcance. 

The following figures show the rapid increase in the i)r()j)or- 
tion of by-product coke since 1893, which the first 

was produced in the United States. The figures rei)rescnt per- 
centages of the total amounts of coke made each year in both 
kinds of oven, 

1893 1901 1907 190H 1909 IC )10 1911 191 .J 

o.or 5.41 13.75 16.14 15.91 17.12 22.07 25.27 

Producer Gas. — No fixed com[)osition can be assigned to a gas 
of this name, though the analysis given at the end of the chapter 
is typical. It consists essentially of carbon monoxide mixed with 
a large amount of nitrogen. For this reason its calorific power 
is low. It is almost odorless when ])ure and is poisonous. It is 
generally enriched with water gas and hydrocarlions. 

Almost any kind of .solid fuel may be used in the prei)aration 
of producer gas, on the ])rinciple that carbon, in a limited supply 
of oxygen, burns to carbon monoxide. This is jirobalily most 
accurately exjiressed as follows: 

C+().,-C().,, and C(X+C=2CX). 

'flic necessary condition for the above reactions is that there be 
sufficient lieat for the dissociation of carbon dioxide in the pres- 
ence of an excess of carbon. The blue flame often seen playing 
over a grate of coals is due to carbon monoxide, which results 
from clogging of the draft. 'Phe gas jiroducer, omitting details 
of construction, is nothing more than a deei) bed of coals to 
which the supply of air for comliustion is regulated. 
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The original producer, as designetl by Siemens, is represent- 
ed in Fig. iS. The coal is fed in at the hopper, II, the space over 
the grate bars, B, being kei)t about two-thirds full. The sgas in 
passing up from the fuel bed enters the Hue, \\ through wliich it 
is conducted into the gas main, (IM. 'Phe openings, ( )( ), are for 
introducing bars to stir the lire and break uj) the clinkers. Water 
is kept in the ash pit under the grate. 'Phe vapor from this en* 



rig. 


ters the fire bed, where it is decomposed, d'he presence of steam 
in the producer prevents, to a large extent, the formation of 
clinkers. Steam also enriches the gas, as will be shown later. 

^9 represents the Morgan producer, with automatic charg- 
apparatus. 'Phe producer is constructed of tire»brick eneasetl 





I'lg ly, Morgan Cutitimiou.s CiriH Prodiu'cr. (Morgan Conatniction Co.) 
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in iron plates. It is evlindrieal in shape anti contraeted toward 
the bottom. No JL^rate is usetl. hut the ashes are received in a 
pan of water, whieli serves to cool them and to seal the luatoin 
t)f the. ])r()dncer from tlie air. .\ir is su]>plie<l tt) the pianluerr 
through a central pij^e terminating^ near the hotttnn. 1'he pipe is 
provided with a ca]) for distriijutiujuf the blast. Steam is supplietl 
with the blast, the stipi)ly heinjL>[ re.e^tdated by means t^f a \alve. 
d'ho automatic feeding device is a special feature tjf this prt> 
ducer. 1'he coal is fed in continuously from the lu»ptH‘r. ami a 
slowly rotatin<i;;, inclined S])out distributes it evenly tner the stir 
face of the fuel ])ed. d'he spout and top of the ]>rcahu“er are 
water-cooled. 

'Phe water-sealed type of producer is now in must common 
use. 'Pile 'Paylor jiroducer is an important excejuion. I'his is 
provided with a revolvini)^ bottom, and the fuel is supjinrteil on 
a decj) bed of ashes. In eonnection with some |i^as producer 
plants, accessory apparatus is employed for the reecnery of tar. 

The manufacture of ])roduccr |;(as is now associated with many 
important industries. 'Phe advantajijfes |.^ained in the tise tif ttas 
as fuel have been fully demonstrated, ami it has been left tti 
modern invention to jirepare it economically ami in lari^tc 
lilies. 11 k! producer is advanta^ifeous as a means of eoineiiini^ 
a poor fuel into ^as. Inferior coal, lignite, peat and wood may 
he thus transformed into an exeellent fuel for imluslrial |nir 
poses. 

liefore leaving this im])ortant subject it will he well Xu note 
the eniciency which might he expected of a gtaul gas protliu‘er. 
How mueli heating value, theoretical and actual, is lost in the 
conversion of solid fuel into gas? 'Phe caloriPrc ptnver of carlum 
is tile total lieat generated when it is hurnetl to carbon ditixidca 
or 8,080 calories. 'Phe amount of heat generated wlicii it is 
burned to carlion monoxide is 2416 calories, (inside the pro 
ducer), leaving 5,6(4 calories to he evolved in the eomliustifin of 
carl)on monoxide, (out.sidc the iiroducer). 

If all the lieat generated in the producer c<iuhl Iw Iraiisferreil 
to the comliustion chamher of the furnace, the ethciency of tlie 
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conversion would obviously be 100 per cent. Losses occur from 
radiation and leakage through the walls of the producer and the 
gas conduit, from the heat rendered latent in the formation and 
expansion of gases and from other sources unaccounted for. A 
large amount of the heat of combustion in the producer (C+O 
•^C(.)) may be saved mechanically by using insulating material 
to retard radiation, or by heating the air supplied to the producer 
with the outgoing gases. It may be economized chemically by 
introducing steam into the producer, which absoii^s heat by its 
reaction with carbon — 

Jd,()+C™CO+2H. 

The decom[)Osition of steam is attended by an absorption of 
29,100 units of heat, while but 2,416 units are evolved in the 
formation of carbon monoxide. It is seen that while more heat 
is absorbed than is evolved in the above reaction, the producer 
gas is enriched with carbon monoxide and hydrogen, and a quan- 
tity of heat equal to that absorbed is regained in the combustion 
of the hydrogen.^ This does not take into account the heat re- 
quired for generating the steam, which is done outside the pro- 
ducer. The greatest economy is gained when just enough steam 
is used to utilize the excessive heat in the producer. The amount 
of steam should be regulated according to the character of the 
fuel used and other conditions in the iiroducer, and it is best 
determined by actual exi)eriment. 'Phe example below shows the 
loss of calorific power, under given conditions, when a solid fuel 
is converted into gas. 

Tht materials contributing to the production of the gas are — 


Per cent. 

Carbon (free) 30.78 

Carbon (combined) 20.15 

Hydrogen 6.72 

Oxygen 30.56 

Water (steam ) 1 1 . 79 

Supposing that these substances are converted into methane, 
carbon monoxide and hydrogen gases, and the gases cooled, what 
is the loss in calorific power? 

^ Hydrogen burnt to steam evolves 29,100 beat iniits. If the steam is 
liquefied, 34,500 beat units are evolved. 

6 
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(i ) The methane is the sum of the eomhined carbon and the 
hydrogen, or 2().^7 per cent., by weight, t»f the euinbnstible 
gases. 

(2) The hydrogen is deduced fnnn the percentage of water in 
the mixture—'” 

ILO : I h, : : i uji) : X, or iS : 2 : : t.^t per' cent. 

(3) 'Phe carbon monoxide is <Ierived from the free carlHui 

C : CO : : 3().7t^ : X, or i2 : jM : : 30.7S : X 7t,S2 per cent. 

The combustible elements in the fuel arc carbon and hydro* 
gen, and their ratios are— 

20.15 I 

6.72 I 20.15 d 3<>-7^ 

6.72 

6.72 1 20.15 + 30. 78 

The heating power of the fuel before the conversion is 
o.(S<S34 (8,080) T (34»5t>t>) n.thi cabnaes. 

Tlie heating i)ower of the gas is 
0.2687 (13,250) + 0.0131 (34,5(K)) I 0.71H2 
8,oHo calories. 


C 

H 


88. 34 |>er cent. 
1 1,66 per cent. 


The loss of heating power is, therefore. 8 ,o8<j 3,081 

calories, or the efficiency of the coti version is 72 per eent. 

With the precautions to prevent loss of sensible beat in the 
gases and careful operation of the producer, the eHiciency may 
l)e as high as 90 per cent., or even higher. In practice, with the 
best modern producers, the ettieiency is eominonly placeil at 88 
per cent, 'fhe following example is taken from actual practice 
in which the Morgan producer was u.sed. 

The analyses and calorific powers of tlte coal ami the gas are 
as follows: 

CoAr, (CAncuryATtoN for (>n« l♦olml}). 


Jtigredlent Percentage Calnrifle pewtr in tiriti^h tlierwil units 

Carbon 50.87 o.5t>87 >: t44c» 7,37#? 

Hydrocarbons 37*32 x 20 »chii.»’ . 7,464 


^ This value is estiuiiited, exact infonntiiciti not Mng m hmid for its 
(leterniination. 
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Gas (Cat^culation for i Cu. Ft.). 


Ingredient 

Volume 

Calorific power iti 
British thermal units 

Carbon monoxide 

0.245 

78.37 

Hydrogen 

0.178 

57.66 

Methane 

0.036 

36.19 

Other hydrocarbons 

0.032 

50.93 



223.15 


I lb. of coal yields 55 lbs. of gas, which when cold has a 
calorific power of — 

55 X 223 = 12,265 B. t. u. 

The efficiency is, therefore — 

100 (12,265 -f- 14,840) = 89 + 

Water G-as. — Many attempts have been made to prepare hydro- 
gen on the large scale from water. It has been shown that more 
energy is expended in the decomposition of water than is de- 
veloped in the combustion of hydrogen. Practically pure hydro- 
gen may be prepared by the electrolysis of water and by the 
reducing action of some metals at red heat. Since carbonic 
oxide is itself a gas, pure hydrogen does not result from the 
decomposition of water by carbon, but the result is a mixture of 
the two gases — 

H ,0 + C = H, + CO. 

The mixture contains theoretically equal volumes of hydrogen 
and carbon monoxide, and is known as water gas. The com- 
mercial product is somewhat variable in composition, and con- 
tains other gases as impurities. 

Water gas is manufactured in a producer of similar construc- 
tion to the ordinary gas producer. Under regular working con- 
ditions the producer carries a deep bed of burning coke. Air is 
blown through the fuel bed from the bottom until it is heated to 
incandescence. The resulting gas, whidi is of ])oor quality, is 
carried ofif through a flue at the top of the producer. The blast 
is now shut off for a few minutes while steam is introduced 
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above the fuel bed and drawn downward through tlu* ineandcs- 
cent mass. The water gas resulting from its decomposition is 
taken out through the same openings by which the air blast is 
introduced, the openings into the air and gas pipes being con- 
trolled by means of valves. 

Water gas is not suitable for domestic uses, being highly pois- 
onous and i)ractically odorless. It burns with a |)ale blue llanie, 
and its calorific power is very high. It has been employed to 


some extent 

for heating high temperature furnaces. 

TYPICAL ANALYSIS OF FUELS 

Sou ns 

Vohttile 

combuHtible 

Carbon Hydrogen Oxygen matter b’ixcdoubon 

Axil 

Wood 

50 6 

42 

(Nitrogen 2) 


.... 

Peat . . 

59 6 

34 


.... 

.... 

Cannel coal . • . 



46.0 

34-5 

19.5 

Caking coal . . . 


. . 

34.0 

(hj.5 

4.5 

■ Coking coal • . . 



25.0 

6H.U 

7.0 

Anthracite 



2.0 

91.0 

7.0 

Charcoal 

3 

2 

.... 


i.o 

Coke (48 hours) 


, . 

0.8H 

89. n» 

m.o2 

Coke (72 hours) 

other 

hydro- 

.. 0.82 

Casks. 

Carbon Carbon 

HHJri 

I « K 56 

Methane carbons^ Hydrosfeii 

Monoxide Dioxide 

Nitrcigrn Oxygen 

Wwici 

Natural . - 93.5 

«-5 

I.O 

0.5 0.25 

4*0 0,25 

. , 

Coal 42.0 

3-5 

45.0 

6.0 0.5 

1.0 l.i» 

1 

Water... 2.0 


45-0 

45 -« 4-5 

1.5 

1 

Producer 2.5 

«-5 

X.2 

27.0 2.0 

56.0 

. . 
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OEE DRESSma 

The extraction of a metal and its preparation for the market 
involves a number of processes. The details of a process depend 
upon the physical and chemical properties of l)oth the ore and 
the metal. There are usually four di.stinct 0])eration.s, or classes 
of operations, from the first treatment of the ore to the last work- 
on the finished metal. 

ORES 

Any natural substance containing metal in suflicienl (juaiitity 
to justify its extraction is an ore. The amount of metal which 
any mineral must contain to be an ore depends upon the |)rice 
of the metal and the cost of ju-eparing it. For example, iron ores 
to be profitably worked, must yield nearly half of their weight 
in metal, while gold ores may be treated with profit if they con- 
tain l)ut a fraction of an ounce of gold to the ton. 

Composition.— The metals usually occur in combination with 
non-metallic elements, though some occur uncombined, or native. 
The ores are usually associated with some non-metallic material 
such as earthy matter or rock. This is known as vein-stuff, or 
gangue. The summary here given represents practically all the 
common ores, showing the elements with which the several metals 


are comlnned. The groujis are given in the order of their im- 
portance. 

Oxides Iron, maiigane.se, cliromiuni, tin, aluinininu, copper. 

Sulphides . .. Copper, lead, zinc, silver, mercury, iron. 

Carbonates Lead, zinc, iron, copper. 

Native Copper, silver, gold, platinum, mercury. 

Silicates Zinc, nickel. 

Arsenides • . . Nickel, cobalt. „ 

Chlorides . . • Silver, lead. 

Deposition.— 'iHie various formations or de|)osits of ores be- 


long to different geological ages. It is not definitely known how 
any of them were formed, or what changes they have undergone 
from their original state. There is much conclusive <n'idence as 
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to ])Oth physical and chemical chani^cs alTt-rtini^ t»rcs, i^ainiMl from 
a study of the earth’s crust, and from the chani^eN that arc now 
in progress, d'he position, for example, nf some ore c!e]>osits 
has ])een altered by upheavals or sinkiitg of the strata, due to 
earthquakes and other disturbances, while immense (luantities of 
ore are shown to liave been transferiaal from place la place by 
the action of water, d'he deposits of t)res naturally fall into 
three classes • 

Beds, or de])osils which conform to the tlireelitm of the rock 
strata. If the rocks lie in horizcmtal plains, the ore beds will be 
flat; or if the rock strata be tilted, tlie (U’c will fill the space be- 
tween. Many dejuisits of this class have been fornual by the 
action of water, as, for example, those in the valleys streams, 
known as alluvial de])osits. 

P'^eiiis or Bodes,- A great many ores are fcnnul in what appear 
to 1)0 fissures or cracks in the earth’s crust, 'fhey <lo not con- 
form to the stratification of the rocks, but cut tlirough the rock- 
mass at an angle. vSueh deposits are known as veins. They 
may vary in thickness and in the tlireclion of tlieir extent. The 
continuity is often hroken olT suddenly, due to faulting in the 
earth’s crust. 

Pocket ores are those which are found in small patches or 
cavities. They are often met with in the vicinity of veins. 
Pocket ores are often of excellent (juality, hut so scattered as to 
be unprofitable for mining. 

Properties.— The physical condition of ores often has more 
bearing on the methods hy whieli they are (reatetl than their 
chemical composition has. 'flie tnethods of mining ant! «lress 
ing are detcrminecl almost entirely by their {diysica! pn)|)erties, 
most of these methods being purely meeiianieal 11ie chief 
characteristics and properties to lie considered arc specific 
gravity, crystalli;$ation and attraction for water, which are es- 
sential to washing processes; resistance to cruHliing and griml- 
ing forces; magnetic and electric properties, including the be- 
havior of certain minerals toward electro niagnets ami static 
electricity; solubility, the all-essential property in leaclnng pro- 
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cesses, and action toward heat, inchidini:( decrepitation, fnsil)ility, 
volatility, chemical decom])osition and, incidentally, such chani^H^s 
as may affect or develop any of the ])roperties above ennnKU’ated. 

ORE DRESSING 

A great deal may he gained by dressing ores. In the lirst 
place, the ore may he greatly concentrated, reducing the cost of 
transportation, lessening the amount of fuel needed f()r smelting 
and increasing the output; secondly, it may he possible to 
remove or greatly diminish the t|uanlity of tho.se ingredients of 
the ore which would contaminate the metal; lastly, the ore is de 
livered to the smelter in more convenient shape and of more uni- 
form composition. Under .such conditions the i)r()cess of smelt- 
ing may he conducted with greater regularity and efllciency than 
would otherwise l)e possible. 

Of the processes used in dressing ores the more common are 
weathering, hand-picking, breaking, |)ulverizing, sizing, washing, 
magnetic separating, calcining, roa.sting and agglomerating. 

Weathering. — Some ores are much improved after long e\“ 
posure to the weather. During the freezes of winter the lumps 
are split up, ore cleaving an<l falling away from the rocks with 
which it is associated. Impurities may he rendered soluble by 
the action of the atmo.sphere and leached out by the rains, or the 
metallic portion itself may he recovered directly in this way. 
Weathering processes are ncce.s.sarily .slow, often retpiiring years, 
and yet they offer the only feasible means of treating some oih'S. 

Hand Picking.—This method of eoneentratioii de])etuls entirely 
upon the intelligence of lal)()rers to .select the ore from the worth 
less material in wliich it is imbedded, vStune very nndesirahle 
impurities may he .seen and rejected in this way. I land picking 
is not employed except with ores of a high market value or in 
countries wliere la]>or is cheap. 

Breaking*~( )res occurring in ma.sses of rock must be reduced 
to small lum])s, so that in su])se(|ueiU treatment they will he ex * 
posed more fully to the action of licai or chemical agencies. 
There are two types of rock and ore breakers in general use, 
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Fig. 20. Blake Crusher. (Allis-Chalmers Manufacturing Co.) 


AA still bearings for toggle plates; B. flywheel; D. driving pulley; E, Pitniau ' 
, toggle plates ; H, fixed jaw; I, checks ; J, movable or swing jaw ; K, bar; 

E, set screws for toggle block ; N, wedge adjusting stud; O, toggle block ; 

PP, jaw plates; R, rubber spring; S, rod; W, wedge block. 
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‘Z'/.c’., jaw crushers, of which the Hlake niacliinc is a well known 
representative, and gyratory crushers, of which the (kites ma- 
chine is a <^oocl example. 

1 'he mechanism of the Hlake machine is well illustrated in 
20. 'Phe ore is crushed between two jaws, one of which is sta- 
tionary. The swin^in^ jaw is driven by a i)()werful t(),e:j.>:le move- 
ment communicated from the revolving’ shaft. The shaft carries 
two heavy fly-wheels and tlic driving pulley. The crushing jaws 
are faced with hard steel plates. The machine is adjustable for 
crushing to difTerent sizes, the jaws being brought closer together 
by raising the wedge ])lock, W, l)y means of the stud, N, and 
by the use of longer toggle plates. 

A vertical section of the gyratory crusher is showm in I'ig. 21. 
In this machine the ore is crushed l)y the action of a gyrating 
si)indle within a circular shell of .steel. The outer shell of the 
machine is made in two sections bolted together, the lower sec- 
tion being supported on the ba.se plate and the up])er section 
carrying the hopper for receiving the ore and tlie “s])idcr” which 
furnishes the upper bearing for the spindle. 'Phe lower |)art of 
the spindle has a journal l)earing in the eccentric hub of a l)evel 
gear, the gear having a bearing concentric with its own rotation 
in the base plate. The gear mc.shes with a bevel pinion which, 
with the driving i)ulley, is carried on a horizontal shaft. 'Po 
the head of the .spindle is keyed a Inishing l)y which the spindle 
is sujiported and adjusted at different heights. In the hul) of 
the si)ider is .secured a bushing to carry the weight of the spindle, 
and also to furnish tlic upper l)earing. The spider bushing has 
a spherical to|), and the spindle hushing has a socket-shaped 
flange which rests upon this. The cylindrical l)earing is tapered 
slightly to permit of the gyratory motion of the spindle, fl'he 
crushing head of the spindle has the shape of a truncated cone, 
and the shell around k resembles an inverted truncated cone. 
A circular, V-shaped spaqe is, therefore, left between the crush- 
ing surfaces. The crushing surfaces arc of chilled iron or 
hardened steel. The shell is lined with steel die ])lates which are 
renewable. 
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When the inaoliine is run empty tlie spindle is free ti) rotate 
with the gear, I)Ul when a lump (»f st(»ne is introdueed it can not 
rotate, Imt retains the gyratory motion, d'he crushing head is 
brought successively near the opposite surface in the <!irectiun of 
the gyration, and as one side of the lieatl a|>prthaches the shell 
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the ()i)posite side recodes from it. As the jdeees are reduced in 
size they .settle by gravity until tliey fall between tlie liottom 
edges of the crushing surfaces. The material is carried out by 
a chute which pas.ses througli the .side of tlie h»wer section of 
tlie sliell. 

It may he seen from the illustration that l>y raising the spindle 
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the ore will be crushed to smaller size. The spindle is raised for 
this purpose, and as the wear increases the size of the opening 
between the ci'ushing surfaces. 

Pulverizing. — Many ores must be reduced to powder before 



Fig. 22. — stamp Battery. (Allis-Chalmers Manufacturing Co.) 

the metal or metallic portion, which exists in such minute par- 
ticles, can be disentangled. This is done by stamping or grind- 
ing after the preliminary breaking. Of the variety cf mills in 
use for pulverizing ores the stamp mill is the most adaptalde. 
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in front. The ore that is sufficiently pulverized passes through 
the screens and is taken away for further treatment. 

The stamping process is made more rapid by the use of water 
in the mortars. The water may be added intermittently or con- 
tinuously. If a large quantity of water is not objectionable with 
the pulp, a continuous stream is allowed to run into the mor- 



Fig;. 24.~Chilian Mill. 


tars. This in. passing out through the screens carries away the 
fine ore, and the mortars are kept cleaner than they are when 
the ore is crushed dry. 

Fig. 23 .shows the section of a mortar with the screen in 
position. The opening at the back is for the intake of ore. The 
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mortar is lined with steel, Jind am:i]^rima.ted copper plates arc 
bolted in the front and hack when ^okl ores are treated. Where 
large crushing capacity is desired, double discharge mortars are 
used. These are designed for wet crushing and are eciuipped 
with screens both in front and ])ehind. 

The Chilian Mz 7 /.— I'his mill consists of a circular iron pan 
upon which two or three heavy rollers revolve (log. 24). 1'he 
rollers turn upon a horizontal axle, which is driven by a vertical 
shaft. The tires of the rollers are of hard steel, as is also the 
plate upon which they travel. Iteing placed near the center of 
the pan, the rollers are twisted at tlie same time they are re- 
volved upon the track, with the result that the ore is grouml 
rapidly and very fine. 'I'he ore is fed upon the pan by an auto* 
matic device, and it is thrown constantly in the path of the 
rollers l)y .scrapers which are carried on the revolving sh.aft. The 
discharge screen is placed at the side, the ore being thrown 
against it by the action of the rollers. 

'The I-Tuntbujton M///.— 'Phis mill also grinds with rollers, but 
unlike the Chilian mill, there is no twisting of the rollers upon 
the surface of the ring-die. d'hc rollers, of which there are four, 
are suspended from a plate which revolves vvitli a vertical shaft 
passing through the center of the machine. The shaft is geared 
to a horizontal pully shaft. The rollers are free to revnlve 
their own spindles, and when the mill is in operation they swing 
by centrifugal force against the side of the pan enclosing them. 
The ring-die upon which they revolve is of hardened steel, c >ne 
inch of space is allowed between the rollers and the hoUtun 
the pan. 'I'he discharge screens are jdaced above the rollers, 
over the openings shown in tlie cut { Mg. 25). 

d'he Huntington mill is designed for wet grinding, and is par- 
ticularly adaptable to the grinding and amalgamating of soft 
gold ores. The mercury is held in the bottom of the |Kui, where 
it is not disturbed by the movement of the rollers. 

Sizing and Classifying.— Tliese operations liave for their oh« 
ject the sorting of crushed or finely divided ore pre]Kiratory to 
concentrating. Sizing relates to methods of sorting or grmling 
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according to the sizes of the particles, and is usually done with 
screens. Classifying relates to operations in which the parti- 
cles are separated according to their rate of settling in water. 

Screens are of many forms and the methods of using them 
differ widely. Some are adapted to wet methods, but dry screen- 
ing is much more common. The coarsest ones, such as are used 
for sizing coal and other lump material, commonly consist of 
parallel bars determinately spaced, and held in position by means 


Fig. 25.— Iliuitington Mill. (McAllister-Chalmcrs Manufacturing Co.) 

of bolts. Such a device is called a grizzly or l)ar screen. 
Grizzlies are usually placed at an incline, and when the ore is 
thrown upon them the small pieces fall through, and the larger 
ones slide down upon a coarser grizzly or into a stock receiver. 
For finer sizing, screens are made of perforated metal or wire 
cloth, and in use are generally given motion of some kind. Rid- 
dles are screens with plain, flat surfaces, and have a reciprocating 
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or gyrating motion with or without pulsation. Trommels are 
revolving screens usually made in the form of a cylinder, though 
sometimes of a prism. They are given an axial incline sufficient 
to advance the coarse particles, while the lines are (juickly sep- 
arated as the ore is tumbled about. Trommels are oftc n made in 
two or more sections with .screens of increasing coarseness in 
the forward direction, thus accomplishing the separation of a 
greater number of sizes. Belt screens are used to some extent in 
wet. sizing. The screen is in the form of an endless ])elt, which 
revolves about two rollers so that the spans sag slightly from 
horizontal planes. The ore is spread on in a thin Ijiyer, and the 
under sizes fall into a hopper or chute placed l)etwecn the rollers, 
while the oversizes are discharged as they i)ass over the forward 
roller. The belt has no secondary motion and the ore is not 
tumbled about as it is on other screens, but separation is jfssisted 
by spraying with water. 

Classifiers are designed to separate mineral grains of different 
specific gravities by taking advantage of the difference in the time 
required for them to settle in water. Examples of the sorting 
action of running and still water on a grand scale are afforded 
by the natural deposits in the beds of rivers and seas. Many of 
the most valuable minei“al deposits owe their origin to processes 
of this kind. The function of a classifier is to separate the 
different kinds of pulp grains so that they may be concentrated 
separately by appropriate means. When material to be concen- 
trated is all of one class or nearly so tlie work is made lighter 
and more efficient. If there is considerable difference l)etween 
the specific gravity of the pulp grains they may be se[)arated 1)y 
subjecting them to the action of a rising current of water under 
sufficient pressure to lift all but the heaviest grains. The light 
grains will be carried upward and floated away by tlie current, 
and the heavy ones will settle down through the current. 

Since classifiers using clear, hydraulic water continue to dilute 
the pulp, there must l)e some means of dewatering tins and of 
allowing the slimes or lighter values to settle. I'lns is accom- 
plished by means of classifiers having compartments through 
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which the slime flows at a slow rale, or the selllinjj^ may he done 
in still water. When the suspended matter has settled the water 
flows to waste. 

Washing. — Under this liead may be included all methods of 
concentration in which water in motion is used. The classifying 
methods, above described, would also he included where actual 
concentration is accomjdished. Washing machines are of many 
types and varieties, and the best kind to use depends principally 
upon the specitic gravity and size of the lumps or grains of the 
ore. Space permits of hut brief descrii)tions of some leading 
types of washing machines. 

Log IVasJicr . — 'riiis in its simplest form consists of an inclined 
cylindrical trough, down which water flows and inside of whicli 
there is a revolving shaft armed with stout helical blades. The 
ore is put in at the lower end of the trough, and is acted upon by 
the log blades after the manner of a screw coiu’eyer, hut tlu‘ 
lumps are tumbled and broken more by the blades tlian they 
would l)e if the helix were continuous. 'Phe current of water 
against which the ore is forced washes down the earthy matter. 
Log washers are suitable for washing lump ores only. 

Jigs represent an old type of washer which has been modified 
to many forms, and is still in common use. Jigs are suitable for 
washing ore when it is in the form of small lumps or coarse 
sand. Fig. 26 gives the vertical section through two conijiart- 
mcnts of a jig. 'fhe jig consists essentially of a sieve or a set of 
sieves upon which the ore is held, while water is forced uiiward 
through the ore by means of a piston, or the sieve itself is moved 
in the water, jigs with stationary sieves are the more common. 
As shown in the illustration, the sieves arc ])laced over the water 
compartments, to which hydraulic water is supplied through 
pipes at AA. The downward movement of the piston forces the 
water in both compartments upward through the sieves, upon 
which the ore is ])laced. The water overflows at the top, carry- 
ing with it the light, earthy matter and leaving the larger and 
heavier particles of ore upon the sieves. vSomc jigs are built witli 
a numlier of compartments, the ore being discharged from 


one 
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sieve to the next, which is placed on a lower level. Ji^s 
monly l)uilt of wood, the parts whi^h arc sul)jcctcd 
wear l)ein^ of iron. • . I 

The concentration of ore that is in a very finely divided State, 
with a mininiuin waste of v«*dues, affords difficuU anti varied 
problems, for the solution of which many processes have been 
developed, in dealing* with the undersizes of classified pulp, 
the coarser grains constitute what are known as sands and the 
finer ones slimes, d'he separation of mineral grains, as in pre* 



viously discussed proce.sses, is based principally upon tlieir speci- 
fic gravity, size and form. Concentration is efiVcted by alltnving 
the pulp to flow with a sheet of water over a slightly inclined 
surface, which may be stationary or mechanically sliakon, and 
smooth or i)rovided with riffles. Riffles are channels or pockets, 
formed by attaching blocks or parallel strips. 1'he direction of 
the riffles is crosswise with the flow of pul]). 'Phey serve tt) de- 
tain the heavier particles or eone.nlrale, while the lighter j>ar- 
tides or tailings are carried over with the current. 

Buddies and Sluices are representatives of stationary washers 
for slimes. Tlie biuldlc has a smooth surface over which the pulp 
flows, and ui)()n which the grains collect, broadly speaking, in 
zones according to their rale of settling. Sluices have special 
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application in the treatment of ^’old ores, and are described on 
P-325- 

Shakhu/ Tables are in very ^^•eneral use, fulfilling perhai)S more 
than any other class of machine, the conditions for concentrating 
fine sands. The Wilfley table may be taken as the re])resentative 
of this tyi)e of concentrator. 1 'he W'ilHey Concentrator is 
shown pictorially in 27. d'he table otherwise known as the 
deck, is a trape/nuni,, a])proachin^ a rectani^de in form. It is 



Fig. 27.- Wilfley Cancentiatiiig Table. (The Mine and Smelter Supply Co.) 

covered with linoleum, and about two-thirds of the surface is 
riffled with strips of wood, tacked on, and terminating in a 
diagonal line across the deck. The deck has a transverse incli- 
nation and a longitudinal, reciprocating motion, which is accel- 
erated in the forward direction and correspondingly diminished 
in speed with the return stroke. The puli) and water are supiilied 
from feed boxes carried on the upper side of the table, the ore 
box having the length of the shortest riflfle cleat, and the water 
box extending along the clear space. By gravity the sheet of 
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pulp flows sidewise across the tal)Ic. tlic heavier pai tides l)ein}( 
caught by the riffles. 'I'he head motion throws the pulp forward, 
stratifying the particles, which are further sotted by the <.leai 
water at the ends of the riffles. The heaviest particles or rich 
concentrates are di.scharged from the end tind farthest U]) the 
incline of the table, the other grades down toward the lower 
corner, while the light tailitigs pass over the riffles and are dis- 
charged at the lower side. 

The J'aawrr.— 'Phis machine is used for concentrating line 
sands and slimes. 'I'he features coniiiion to ilifferent vanners 



Fig. 28.- lab^ell Vtunier. ( AlliH-CUivhnrrw Mnnttfiu'liu inn Cm. | 

are the broad l)elt with flanged edges, tlie shaking table earry- 
ing the rollers upon whicli the belt is revolved and llie ore and 
water distributors. The upt)er span of tlie belt, wliidi forms 
the concentrating table, is supi)c)rtecl l>etwecn the riu! rollers by 
a number of small rollers having their bearings in the sliaking 
table. An adjustment is provided by which tlic maclnne may be 
tipped, so that when in operation the iKdt fonns ii moving, in- 
clined plane with the direction of the motion up hill In iiddition 
to this the frame carrying the belt and ore distrilmtor is shaken 
gently by lateral jerks. 

Fig. 28 represents an improved vanner, designed l)y J. F. Isl^ell. 
The machine is attached to a heavy, transverse shaft and su])- 
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ported upon a strong foundation of steel channels, d'his shaft 
is, therefore, the axis upon which the machine is revolved or 
tilted, which is done by means of a cast iron stand placed at the 
head and provided with a cam, hand-wheel and locking device. 
The stand serves also to hold the vanner steady when it has been 
tilted to give the proper inclination to the table. The driving 
shaft with its main ])ulley, fly-wheel and cone pulley and the 
worm gear driving mechanism are clearly shown in the cut. d'he 
driving shaft also carries an eccentric for actuating the side shake 
motion of the table. It is rigidly supported from the main shaft. 
The worm gear for driving the vanner belt is connected with 
the head roller l)y a spiral steel spring. This gives flexi])ility, 
which is necessary since the roller is shifted in the side shake 
motion, while the driving mechanism remains stationary, d'he 
vanner belt may l)e revolved at ditt’erent si)eeds by shifting the 
flanged pulley of the driving gear to diflTrent diameters of the 
cone pulley on the main driving shaft. 'Phe side shake motion 
is given to the shaking table together with the vanner belt and ore 
spreader which it supports, l)ut the water box is attached to the 
rigid side arms and remains stationary when the machine is in 
operation. The shaking frame, which is made of steel, is bolted 
to the ends of heavy leaf springs set on edge and attached mid- 
way to the transverse shaft. 'Phe springs maintaiti a horizontal 
motion of the table from the eccentric drive which is highly 
desirable in the delicate operation of vanning. 

Flotation. — 1'his process is based upon the fact that sid)stances 
heavier than water may be floated by reason of surface tension 
if they do not attract water, i. c., water does not wet their sur- 
faces. The sulphides as a rule may be se][)arated from other 
minerals by flotation. In carrying out the process the dry, 
finely divided ore is distributed in a thin, even layer over run- 
ning water. The minerals which do not attract water are c<ar- 
ried forward, and the others are deposited. Modifications of 
the flotation process comprehend the treatment of ores with 
acids, and the use of different floating mediums such as salt and 
soap solutions and oils. When acids are used carbonate minerals 
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are ])iioye(I by the ])nl)])k*s of car])on (ii<»xicle that arc i^^cncr- 
ated and adhere to tlieir surfaces. A prelinniiary roast will 
(jiialify some ores for treatineiU by a tlotatiou process. 

Magnetic Separation.- 'Phis was suggested by Abraham, of 
wShefiield in .i88j.‘ It is applicable t<j any <»re containing a 
magnetic ingredient, whether that itigreilicnt is ttJ be saved or 
rejected. Minerals that are attract ctl are called paraiuagnetie, 
and tliose that arc repelled are called diamagnetie. Ivaiiier 
methods of separation were a<laptal)le only to strongly magnetic 
materials, and were practically limited Ui the separation of mag- 
netite from other minerals. 

With machines now made, using |Hnvt‘rful elect roanagnets, a 
number of weakly magnetic minerals, which were ftnauerly su]i“ 
])osed not to he susce]>tible to magnetic forces at all. may he 
separated. Their variation in magnetic properties makes it ]>os- 
sible to further separate and concentrate paramagnetic minerals. 
Some minerals are rendered magnetic by beat, ami for this reason 
ores are often roasted before they are pnl through the separator. 
Pyrite is not affected by the strongest inagnets* but it loses sitl» 
jdiiir at a low furnace temperature and beeoines strongly mag- 
netic. ddic requirements for all ores is that they he in a fmely 
divided state and usually dry, though some tuaeliiiies are designed 
for wet sei)aratic)n. 

The IVcthcrill separator is designed for etmeettl rating weakly 
magnetic minerals, d'his maeliine n| aerates iipc»n the principle 
shown in Idg. 29. The ore is distribiitetl over the conveyor belt, 
B, l)y means of the feed roller under the hoi>per. The convev«n* 
])elt passes between two horse^shoe eleetro niagnets, which are 
sn|)ported in the position shown, 'Phe ptdes of tlte UjJiier magnet 
are wedge“Shai)ed, while those of the lower magnet are fl»atleiied. 
The paramagnetic minerals are more strtmgly atiractetl by the 
U])per, wedge-shaped poles than by the lower ones. st» that the 
tendency of the magnetic '[)articles is to cling tc^ tlie upper poles 
as they are brought into the magnetic held. Tlie magiietic par- 
ticles jiim]) upward, but they do not eenne in actual eotitact with 
' Dingler’s Poly. Journal, 288 , pp. 2 c)3.2ck|, 
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the poles, since the thin cross-'l)elts, B‘, pass closely under the 
upper poles. The ore adheres to these until it is carried ])y them 
out of the magnetic field. The non-magnetic particles of ore fall 
from the conveyor belt as it passes over the forward pulley. 

Electrostatic Processes. — These differ from magnetic processes, 
being based on the ])rinciple that bodies eciually charged with 
static electricity repel. This recalls the familiar experiment in 
physics, in which the i)ith ball is repelled when touched by the 
wax stick having a static charge. 



Fiff. 29. — Principle of Wetlierill Type “K” Magnetic .Separator. 


The application of this principle in ore concentration depends 
111)011 the fact that there is great variation in the electric conduc- 
tivity of minerals. Taken as a class, the sulphides are compara- 
tively good conductors. Zinc sulphide is an exceptionally poor 
conductor among the sulphides, and this is fortunate in view of 
the fact that blende and galena are so commonly associated and 
their separation has offered such difficulty. An electrostatic sep- 
arator contains a horizontal, revolving cylinder, which is grounded 
to form an electrode. Another electrode is placed ojiposite, and 
is connected with a high tension current. The ore is fed onto 
the roller, and as it is lirought into the field between the elec- 
trodes the good conducting minerals become charged immediately 
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and are thrown from the roller. The poor conductors <lrop in a 
vertical tang'cnt or arc carried further around. 

Pneumatic Concentration. Air may he use<l as a current or 
blast for separating minerals varying in specihc gravity, the ac- 
tion being somewhat analogous to that of water in jigs ami class- 
ifiers, or separation may be ciTected in still air by projecting the 
tine j)articles through it. Air concentrators are especially useful 
where a great deal of dust has to be <lealt with. 

Calcining and Jloasting.- 'I'hese two terms are used somewhat 
interchangeal)ly among metallurgists. A distinetioiu however, 
.should he made. To calcine a substance is to drive oft volatile 
matter by heating. It dilTers from distillation, since the volatile 
matter is not recovered. 'Po roast a substance is to heat it while 
adding something to react chemically with it. 

Exami)le.s of calcining arc afforded hy the heating of oxidized 
ores to drive off the water, and in the “burning*' of limestone, 
dolomite, etc., to expel eaii)on dioxide. I'he process is generally 
conducted in kilns (i). </)). 

Ores are commonly roasted to convert sulphides iutci sulphates 
and oxides— nwu/frhu/ roasfiiu/, or into chlorides 
roasting. In the lirst instance the air plays the imptn-iant part 
in the elimination of sulphur, while in the latter chltn'ine must he 
supplied. 

Agglomerating. — This comprehends all processes by which 
finely divided materials are converted into lumps, d'he exploita- 
tion of low grade ores, re(|uiring concentration as Pmcs, ami the 
increa.sed outimt of .smeltery dust have resulted in the annual 
production of enormous (juantities of pulverulent material. How 
to hcindle this material is often a .serious problem, espeeially if it 
is to l)e treated hy a hla.st furnace process. It is of great advam 
tage, and to a large extent, necessary for ore that is charged into 
blast furnaces to be in lumi) form. Agglomerating comprises 
briquetting, nodulizing, sintering and otlier processes having a 
similar aim. 

Briquettuuj is perhaps the oldest of the prcH'csses for lumping 
ores. It consi.st.s in pressing the material into molds erf the size 
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desired. Coal tar or other binding agents are often used, and the 
lumps are sometimes heated superficially to make them harder 
and stronger. 

Nodulizing is a process of heating the ore in a slightly in- 
clined, cylindrical furnace. The furnace revolves, and the tem- 
perature is raised until some ingredient, added if necessary, 
fuses. The result is that the loose particles of ore are cemented 
together and form l)all“like masses of different sizes. 

Sintering is accomplished by heating the mass of ore to in- 
cipient fusion or until some constituent fuses, acting as a binder 
for the more refractory particles. Sintering is frequently con- 
ducted in connection with a roasting operation. When sulphides 
are sintered the necessary heat is generated by the rapid com- 
bustion of the sulphur. A blast of air is commonly employed, 
hence the generic term “blast-roasting.” The air passes through 
a layer of the ore, which is supported on a perforated hearth. In 
some processes the ])last is conducted upward and in others 
downward through the ore. The Huntington-Heberlein process 
(p. 272) is representative of up-draft and the Dwight-Lloyd of 
down-draft processes. ( )n account of its wide a(lapta])ility, the 
latter process is described here. The ore to be sintered must be 
in a finely divided state, and it may be moistened to render it 
coherent. It is spread in an even layer ui)on a grate, where it 
is kindled by a hot flame, as from an oil or gas jet, and then 
lorought over a suction l.)Ox, which draws air down through the 
layer of ore, effecting a speedy sintering of the mass. ( )xidized 
ores are mixed with crushed coal or other suitable fuel to create 
the necessary heat. Two distinct types of machines are em- 
ployed in the Dwight-Lloyd system, I'hese are known as the 
drum type and the straight line or conveyor type. 

In the drum type machine the grate forms the peri[)hery of a 
large drum, which is slowly revolved on friction rollers. The ore 
is fed on the rising side of the drum, and the sintered material 
is scraped oft' on the opposite side. Air is drawn through the 
ore by means of a suction box, which makes close contact with 
the underside of the grate. 
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The straight line sintering machine has a level grate made up 
of a number of rectangular sections called pallets, ddiese arc 
provided with rollers on which they travel about an endless 
track, conveyor fashion, being driven by means of sprocket 
wheels. Underneath the upper span of the track is the suction 
box. The rim of this is planed as are also the sides and bottoms 
of the pallets. This prevents air from entering except through 
the layer of ore anci the openings in the grate, since the pallets 
are driven from behind and slide over the rim of the box, ihe 
wheels hanging idle during this part of the transit. 'Pbe ore is 
spread on from a hopper, and kindled as it l)egins to pass over 
the suction- box. The pallets pass around semicircular guides 
and from thence on return tracks to the sprocket wheels. ]>y 
these they are lifted and pushed forward to receive a fresli 
charge of ore. In passing around the semicircular guides the 
surface formed by the pallets is broken and the i)allets are in- 
verted. This serves to break and dislodge the sinter. It 
has generally been found advantageous to employ a few less 
pallets than are required to make a .solid train. The break in 
the train will, of course, occur at the discharge guides, and each 
pallet will drop down and strike its predecessor, thus elTecling 
a dislodgment of adhering matter. 
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FURNACES AND ACCESSORY APPARATUS 

Most of the improvements which have marked the development 
of modern practice in metallurgy have been mechanical. Inir- 
naces have been altered in form and increased in cai)acity, and 
machinery has been introduced and improved to meet the increas- 
ing demands for larger yields of metal. Metallurgical processes 
are primarily chemical, the first prol)lems which they ijresent in- 
volving principles in chemistry. Application is made of these 
principles in the intelligent selection of materials for constructing 
furnaces, in the use of fuel, and in the isolation of metals from 
their compounds. Improvements in metallurgical i)r()cesses, as 
above indicated, have been largely the work of engineers. 

For that all imj)ortant ])art of the furnace, the lining, a ma- 
terial of reasonable cost is selected that will best stand the con- 
ditions inside the furnace. As a means of t)reserving the linings 
of furnaces water cooling is often resorted to, es])ecially if the 
lining is exposed to the scarifying action of molten materials. 
One method of cooling is to introduce hollow l)locks of metal 
into the furnace wall, maintaining a circulation of cold water 
through the blocks. Another method is to line the wall on the 
outside with a water jacket, i, c., a shell of metal through which 
water is circulated. In some instances the refractory lining is 
dis])ensed with altogether and the water jacket substituted. 

On account of the high cost of most refractory materials the 
outer walls and foundations of furnaces are commonly built of 
l)rick, concrete or stone. In most furnaces the masonry is reen- 
forced with iron. ( )ne method of supporting the brick work is to 
construct a frame of iron or steel beams and tie-rods, 'khe l)eams 
are set vertically or horizontally against opposite walls and se- 
cured with the tie-rods. Metal bands may be used for supporting 
round structures. It is often necessary to provide a means of 
tightening and loosening the framework on account of the con- 
traction and expansion of the walls. Furnace wrdls are most 
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completely reenforced by encasin^^ them in iron plates riveted 
together to form a sliell. Cast iron or structural columns are 
often used in the foundation work to carry the superstructure of 
a furnace instead of the more cumhersomc masonry. 

d'he i)rincipal types of furnaces are classitied and dedned here 
with the object of sim|)lifying their descriptions later. I'urnaces 
may be divided into four general classes, many variations being 
found in each class. 

1 . Furnaces in which the Fuel and the Substances are Treated 
in Contact— Under this class belong kilns, blast furnaces and 
forges or shallow heartlis. 

Kilns . — This ty]>e of furnace is einpk)yed exclusively for cal- 
cining and roasting. ( )ne of the simplest forms of kiln is that 



used for calcining limestone. Fig. 30 represents a lime kiln, 
which is cylindrical in form, 6^^ feet inside diameter and 30 feel 
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high. It is thickly lined with hre-brick, and is encased in a boiler 
plate shell. The stone is imt in at the top, and is calcined by 
the flame from the grates shown at the sides, and the lime is re- 
ceived in the hoi)i)cr at the bottom. 

Rotary kilns are used for calcining finely divided material. 
The most important of this tyt)e is the cement kiln, which is 
cylindrical in form and revolves at a slight incline from the 
horizontal position. It is tired with coal dust, which is blown 
in at the lower end with a jet of air. Roasters of this type are 
described on ])p. 233, 234. 

Blast Furnaces . — By these arc meant the tall structures, or 
those whose height is greater than their diameter using a blast 
of air. Among these may be included the furnaces now generally 
used for smelting iron, coi)per, and lead ; cui)olas for remelting 
metals, and converters for refining. Descriptions and illustra- 
tions of blast furnaces will be found on pp. 1 14, 243, 246 and 
276. 

Forges . — At one time this term was used to denote the peculiar 
form of hearth used in iron smelting. It has a more general 
meaning now, though it usually refers to the smith’s forge, or 
any kind of wind furnace for reheating metal, without fusion, 
and in contact with fuel. 

2. Furnaces in which the Substance Treated is in Contact with 
the Flame and Products of Combustion, but not in Contact with 
Solid Fuel.— Under this class belong the many types of reverber- 
atory furnaces. Reverlieratories are the most common of all 
furnaces, serving a great variety of purposes. 'J'he distinctive 
features in their construction ai’c the separate hearth or fireplace 
in which the fuel is burnt; or an arrangement for gas ; the low- 
arched or dome-shaped roof which reflects heat on to the hearth, 
and the stack for maintaining the draft. Reverberatory 
furnaces are usually fired with soft coal or gas. A typical form 
is illustrated on p. 169. 

Mechanical Reverb cratories have been introduced and in many 
processes they have been generally adopted. Among these are 
mentioned roasting furnaces with automatic stirrers (p. 233), and 
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the rocking and tilting furnaces used in steel manufacture (p. 
J99). 

3. Furnaces in which the Substance Treated is not in Contact 
with either the Fuel or the Products of Combustion.. I'urnaces 
of this class hear no relation to each other, except in that all arc 
designed to shield the ore or metal from the actitni of fuel or 
gases while heat is being applied, d'he furnaces so constructed 
are fitted with muffles, crucil)les or retorts, as the c«nse may re- 
quire. 

MiMc iuirnaccs are principally used for nuasting ores which 
require a strongly oxidizing atmo.sphere, or in genenil, when the 
teini)erature and atmo.sphere about the sul)stance are to be care- 
fully controlled. 

Crucible CuDiaces arc used in refining, alloying and reinelt- 
ing o[)erations in general, in which small amounts of metals are 
treated, d'he cruci]>les are heate<l by means of a llanie and hot 
gases, or l)y direct contact with glowing coals. A closely fitting 
lid protects the contents of the crucible entirely from the fuel 
and gases. A de.scription of the manufacture of crucibles and of 
a -crucible furnace is given under the subject of Crucible Steel. 

Retort Ruriiaccs are employed for the distillation of volatile 
metals from their ores or from alloys, d'hey are used in the 
smelting of zinc and mercury, and in some refinin|g processes 
where these metals are to be separated from others, 'fhe by- 
product coke ovens afford other examples of retort furnaces. 

Cacuum luirnaccs,- \N\\e\\ it is desirable to heat a substance 
without contact with any gas a vacuum furnace is used. It is 
generally heated electrically, atul the air is withdrawn by means 
of high efficiency pumps. In vacuum furnaces metals tnay he 
melted or annealed, and their real properties may be more ac- 
curately determined, since the properties are not masked l)y the 
presence of occluded or combining gases. Its high cost would, of 
course, preclude vacuum refining on tlie large scale. 

Electric Furnaces.— In 1849 l>espritz made use of llie heat of 
an electric arc, a battery l)eing used for generating the current 
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(Moissaii), Electric heating, like most other a|)i)licatic)ns of 
electric energy, could not gain much headway until after the in- 
vention of the dynamo. Siemens, Moissan and Huntington 
were pioneers in the construction of electric furnaces. Modern 
furnaces, designed for large operations, have been built ))y a 
number of inventors, whose names the different furnaces l)car. 
The principles of ditferent types of electric furnaces are shown 
in Fig. 67 on p. 202, 

Eegenerative Piring*. — The heat regenerator was introduced in 
1817 by Rol)ert Stirling. The regenerative system as now 
used, is due chiefly to William and Frederick Siemens. 'The 
regenerator is a storage chamber for surplus heat ; an ap- 
paratus for retaining a j)ortion of the waste heat, and returning it 
to the furnace from which it was taken, d'he products of com- 
bustion, and in some cases, the combustible gases themselves, 
which can not be utilised in the furnace, are led into the regen- 
erator where a large part of their sensil)le heat or tlie heat of 
their combustion is absorl)ed. A part of this heat is returned to 
the furnace by passing the air or gas supplied to the furnace 
through the regenerator. 

BLAST APPARATUS 

The development of methods and ai)paratus for su])i)lying air 
under pressure to furnaces marks an interesting chapter in tin* 
history of metallurgy. 'Phe ancient furnaces were blown by 
means of bellows, a method still used in a small way. An in- 
genious device known as the tromp, descri])ed on ]). 163, was 
used during the early days of iron manufacture in Europe. He1» 
lows blowers were built in larger sizes with the development ol^ 
water and finally of steam power, but with the advent of the 
steam engine the liellows were soon replaced by piston blowers. 
Rotary blowers represent the latest developments in blast ap- 
paratus. They are based on different principles, vary greatly in 
design and have the widest range of a(laptal)ility. Representa- 
tives of the principal types of apparatus arc described below. 

Blowing Engines.—These are reciprocating piston Idowers, 
which are usually connected directly with steam engines. 'Phey 
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are designed to deliver upwards of 30,000 pounds of air under 
pressures not exceeding 30 pounds per square inch. Those 
which deliver air under higher pressure are known as compres- 
sors. 

The large engine shown in Fig. 31 is designed for blowing iron 
blast furnaces, converters, etc. It is of the cross-compound 
type^ and has a capacity of 30,000 cul.)ic feet of air i)er minute 
under a pressure of 30 pounds per square inch. The steam and 
air cylinders are placed tandem, the piston heads being carried 
on a continuous rod. The rods are extended through the ends 
of the cylinders and supported on slides, thus i)reventing uneven 
wear on the piston heads and cylinders. The large fly-wheel 
gives steadiness of motion to the engine. The air cylinders arc 
shown in the foreground. Air passages are provided in the 
cylinder castings, leading from the middles to the heads. 'I'lic 
air is admitted and discharged under control of mechanically 
operated valves on the heads of the cylinders. 'Phe outside 
mechanism of the air valve gear is shown on the cylinder to the 
right in the illustration. The valves are operated in time with 
the piston by means of a wrist plate, which has a hearing on the 
side of the cylinder. The wrist plate is given a slight, rotary 
motion alternately in opposite directions by an eccentric attaclied 
to the main shaft of the engine. The motion is communicated 
to the valves by crank shafts to which the arms of the wrist 
plates are attached. The crank shafts are shown on the ends of 
the cylinders. The discharge valves are closed by ])lungcrs at 
the moment the piston, in approaching them, reaches the end 
of its stroke. The plungers recede after seating the valves, 
leaving them to be opened automatically by the i)ressure of the air 
in the cylinder. The intake valves are operated entirely by the 
mechanism, their opening and closing being timed witli the stroke 
of the piston. With each stroke of the piston the cylinder is 
filled with air from one end and emptied from the other end. 

The vertical type of blowing engine is also in general use. 
It has the advantage over the horizontal engine in taking up 
less floor space. On the other hand, the horizontal engine is 
more stable and more easily accessible. 

8 
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Gas Engines are to a considerable extent replacing steam en 
gines for blowing purposes. his is most notable in iron smelt 
ing, the waste gas from iron furnaces being admirably suited fo 
running gas engines. 

Fans. — The fan is a simple device for creating a blast unde 
slight pressure, usually not exceeding lo ounces per S([uare inclt 
As shown in Fig. 32, the apparatus consists of a set of blade, 
which revolve in a casing, d'he air enters about the axis of tin 
impeller and is driven against the walls of the casing and out 
ward through the tangential opening at a pressure correspoudini 
to the centrifugal force created by the imj)eller. lums an 
capable of delivering large volumes of air, and cost little to instal 



and maintain, but they are wasteful of i)Dwer, and are restriciet 
to low pressure work. 

Rotary Piston Blowers.— These are also known as posit iv- 
pressure blowers, .since they are designed to displace defuiit' 
volumes of air against variable pressures, d'hc construction i 
shown in Fig. 33, which is a sectional elevation of a blower. 'Pwi 
impellers revolve in opposite directions within a cylindrical cast' 
The impellers are two-lobed and so carefully sliai)e<l as to main 
tain the slightest possible clearance l)etween each other; als( 
there is a minimum clearance between the lobes and the walls o 
the case. 


Min'AUvURGV 


97 


Looking at the drawing, it may be seen that if the left-hand 
impeller is revolved clockwise and the other one in the opposite 
direction, each impeller in making one revolution, will carry two 
pockets of air through in the direction indicated by the arrows. 
The air is caught in the space formed between the lobes of the 
impeller and the case. Blowers of this type are built to deliver 



Fig. 33. - Section through Conncrsvillc Positive Blower. 


large quantities of air, and are in very general use for pressures 
not exceeding lo pounds per square inch. 

Centrifugal Blowers. — These machines represent the latest 
development in blast apparatus. They are designed to deliver 
large volumes of air at any pressure up to and sometimes ex- 
ceeding 30 pounds. The .sectional drawing, Fig. 34, represents 
a centrifugal blower, consisting of an impeller surrounded by a 
set of stationary vanes and enclo.sed in a circular case. The 
impeller blades are curved and radial at the circumference. 'I'hc 
stationary vanes are so placed as to conduct the currents of air 
from the impeller blades longitudinally into the outer space en- 
closed by the case. I'he air enters at the inner diameter of tlie 
impeller and is discharged through a' pipe connected with tlie 
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top of the case. The action of the vanes makes the chief dilTer- 
eiicc between the operation of this machine and a fan. In the 
latter most of the cenlrifiij^al velocity of the air is wasted in 
eddy currents, and the ener^^y is larje^ely transformed into heat. 
Aside from its high efficiency the centrifugal blower is a machine 
of great adaptability. It re(iuires less space tlian any other 
blower doing the .same amount of work, ami tlu' lajn'dity with 



which it can be driven makes iiossiVilc its direct connection with a 
turbine or an electric motor. 

Fig. 35 represents a centrifugal blowan* driven liy a steam 
turbine. Such a set is commonly called a turbo blower. 

Multi-stage compressors are used for high pressure work. 
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IKON OKES AND PEOPERTIES 

History.— No metal has playtal so important a part m history 

and civilization as iron. The knowlcclgc its properties, 
and consequently the intelligent use of it, lias market! ilie rise 
of nations, and the material power of nations to tiay is rep- 
resented by the amount of iron they use. As to its cn’igin. very 
little can be said that is authoritative* nothing being kmnvn td the 
time or the place in which it tirst appeared in tlie arts. There 
is sufficient evidence that some of its most useful properties have 
been recognized and utilized for thousands of years. 'I'here are 
a number of scriptural jiassages in which iron is mentioned, 
and one in the Book of Daniel eumpmres it with other sulistanees 
(Dan. 11, 40). Archaeological re.seareh has furnisheil many 
specimens of ornaments, tools and weap(nis, and it is quite likely 
that the proportion of iron implements was greater titan the 
findings show, owing to the fact tliat iron is more ra[)i(lly 
destroyed by natural chemical attack tlian the titlier metals with 
which the ancients were ac(iuainte(!. 'Flic earliest reference to 
iron in Assyria is about r4(K), H. C. 'Fins prtdiably antedates 
its use in Egypt, and it apipcars that Assyria furnisluHl iron to 
Egypt for a long period of time. Strong evidence pHiints to 
the Celtic tribes of Central Europe as the First iron wtn'kers of 
that continent .and as the introducers of iron into tVreece, Italy 
and Briton. Iron implements were common in Cireece in tlie time 
of Homer, whose writings frecjuently allude irtin, InU it ajipears 
to have Iieen unknown prior to that time, for the Arroi>olis 
remains of Mycenae yield no iron. It is possilde that India or 
some other eastern country with unwritten history produced 
iron before it was known in Europe, 1'he manufacture of iron 
by barbaric people in Africa and Asia is still curried on as it 
has been for untold generations, and with some tlie art of hard- 
ening it with carlion has long been practiced. In up|HT Italy 
iron was known about ickk), B. C. Tlie mo.st famous mines were 
at Noreia in Noricum, and tlie superior (|uality of Noric iron is 
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frequently referred to by Pliny and the Augustine writers. With 
their rise in power the Romans became the leading consumers 
of iron, and the art of smelting and working it was developed 
and spread largely through Roman invasion under Julius Caesan 
The iron industry grew with the nations of Europe, England, 
Germany and France taking the lead, and the English brought 
it to America. The first iron plant in America was erected on 
the James River, in Virginia, in 1619. 

ORES 

Iron occurs as oxides, carbonates, sulphides, and native. 
Native iron is found in meteorites, and as such is only of 
scientific interest. ITe oxides are by far the most important 
ores of iron. 

Oxides. — All the common ores of iron are included in this 
group, as are also the richest ores. Oxide of iron is an ingre- 
dient of almost every soil, and as an ore it is often found in a 
high degree of purity. Some ores are more highly oxidized than 
others, those containing the least amount of oxygen being mag- 
netic. The former are represented by the general formula 
FeoO;j, and are known as hematite, while the latter are repre- 
sented by the formula P'e.jO.^ and are known as magnetite. 

Hematite . — This is the common ore of iron, composing almost 
entirely the great deposits of Lake Superior and the greater part 
of those of the Appalachian region and the West. It occurs in 
amorphous and granular masses and in earthy form, and is de- 
I^osited in beds, veins, and pockets. Hematite is usually without 
water of combination (anhydrous), though some varieties are 
hydrated. The anhydrous ores yield a red powder, and the 
powder of hydrated ores is brown or yellow. Among the anhy- 
drous ores are: 

r. Specular arc, occurring in crystals of metallic luster and 
often iridescent. It is an important Lake ore, and very ])urc. 

2. Micaceous ore, so called from its resemblance to mica, is 
often found in glistening scales of great loeauty. 'riiis is also a 
very pure ore, and is found principally in the Lake region. 

3. Kidney ore occurs in small quantities, though often in the 
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neighborhood of large veins. It is found in radiating masses, 
made up with small, reniform or kidney-shaped surfaces, suggest- 
ing the name. It is frequently met with in the Eastern states. 

4. Red Fossil ore is characterized by its being unctuous to the 
touch and, in general, by its red color. It occurs both earthy and 
massive. Besides its importance as a Lake ore, red fossil ore 
occurs in large quantities in the East and South, being the chief 
ore in Alabama. 

Of the hydrated oxides or brown hematites two varieties may 
be noted: 

1. Limonite, otherwise known as Ochre and Boy Ore, occurs 
in large quantities in the Eastern states and the Mississippi 
Valley. It is an easy ore to smelt, the gangue often containing 
both silicious and calcareous substances, making it self-fluxing. 

2. Goethite is an unimportant ore, distinguished from limonite 
only in its containing less water of combination. 

Magnetite , — It is seen from the formula (Fe.j()4) that this ore 
may carry as much as 72 per cent, of iron. When in their purest 
form the magnetites are the most valuable ores that are smelted. 
In addition to their magnetic property, these ores are distin- 
guished by their dark color, submetallic luster and weight. They 
are hard, massive and refractory. In this country the chief de- 
posits of magnetite are in New York and New Jersey, though 
it is not infrequently found with hematite in the Mississip])i 
Valley and elsewhere. It is also an important foreign ore. The 
famous deposits of Sweden, probably the richest in the world, 
consist mostly of magnetite. 

Carbonates. — These comprise a much poorer class of ores than 
the oxides. The highest content of iron possi])le, .according to 
the formula, FeCO.^, is a little more than 48 per cent. The chief 
carbonate ore is 

Siderite or spathic iron, which is grayish-white to reddish- 
brown in color, yields a light colored powder, and is easily de- 
composed by heat into the magnetic oxide and carbon dioxide. 
An argillaceous variety of this ore occurs, usually in the vicinity 
of coal deposits, and is known as clay iron stone. Carbonate 
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I ores are not uncommon in the East, especially in, PennsyK'ania. 

They have for a long time been mined in (ireat Britain, 
though they are now becoming exhausted. Though ])oor in iron, 
rarely exceeding 40 per cent., these ores have been prized for 
their freedom from phosi)horus, a very objectionable impurity 
in iron. 

‘ Sulphides. — Attention is called to the sulphides as interesting, 

though not important sources of iron. The principal compounds 
of this class are Pyrite (FeS^) and Pyrrhotite (Fe-Ss). Pyritic 
ores are the chief raw material from which sulphuric acid is 
manufactured. The sulphur is so completely removed in l)y- 
J product roasters that the residues are suitable for iron smelting, 

* Some Impurities in Iron Ores. — Iron ore gangue is generally 

>; acid in character, the bases alumina, lime, magnesia, etc,, being 

insufficient to neutralize the silica. Sulphur and phosphorus are 
deleterious elements often encountered, and in rare cases arsenic 
is present. Manganese is contained in almost all iron ores, its 
I presence being rather desiralde. Titanium, chromium and zinc 

I ; are not uncommon inijHirities. In some instances these metals 

have so far replaced the iron as to justify a special name for the 
ore. The mineral ilmcnitc, for example, contains a mixture of 
ferric and ferrous oxides with the dioxide of titanium. 'Pbe 
best known American deposits of high titanic iron are in New 
; York. Chromite, the sesquioxide of chromium mixed with fer- 

' rous and ferric oxides, is another well known and very valuable 

compound ore. Chrome-iron ore occurs at various |)oints in the 
United States in small ([uantities, but this country’s su])ply is 
drawn chiefly from abroad. A more remarkable mixed ore 
occurs in New Jersey, known as FnmkUnite. It contains three 
metals, iron, manganese and zinc in workable quantities. 

Dressing Iron Ores.— The larger part of the iron ore in the 
United States recpiires no preliminary treatment, though most 
ores could be improved for blast furnace smelting by some con- 
centrating or agglomerating process. Such ])rocesses have come 
I more into use with the increase in the production of low giTule 

and fine ores. Carbonate and hydrated ores may be ])roritably 
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calcined; those containing sulphur roasted; those containing 
much gangue washed or concentrated with magnetic machines, 
and the fine ores may be agglomerated by one of tlie sintering or 
briquetting methods. 

The Oliver Iron Mining Company operates a large washing 
plant embodying some novel features in iron ore dressing. I he 
ore is sluiced down over a grizzly where any large lumj)s of rock 
are separated. The smaller sizes pass into trommels, and the 
larger sizes pass onto a picking belt, and after liand ])icking are 
dumped into the shipping bin. The oversize ore from the troni“ 
mels is carried to the shipping bin, and the undersize ore is 
treated in log washers. From these the coarser ore goes to the 
shipping bins and the fines to smaller turbo log washers. The 
fines from the turbo washers are concentrated by means of 
Overstrom tables.^ 

PROPERTIES 

Pure Iron. — Iron is grayish white in color and highly lustrous. 
The specific gravity is 7.8 and the fusion ixfint is about *,530^’ C. 
It is remarkably tough, malleable and ductile, and its tensile 
strength is about 40,000 pounds i)er sciuare inch. Iron possesses 
the property of magnetism to a higher degree than any other 
metal. Iron welds readily, can be welded to a few? other metals, 
and will form alloys with almost all metals. While in the molten 
state iron occludes oxygen, nitrogen and other gases which may 
be in contact with it. 

Pure iron is a very uncommon article of commerce, themgh 
there are some grades which contain so little foreign matter as 
to possess properties approximately the same as those alx^ve 
noted. Since the properties of a metal are governed l)y its 
composition and by heat and mechanical treatment, the possibility 
of developing or improving these properties is readily seen. In 
no metal has this been realized to so great an extent as in iron. 
Within certain limits, by alloying or combining other elemetits 
with iron in varying proportions, a metal of any desired property 
may be produced. Hence has arisen the great variety of com- 

’ Min. & Eng. World, XXXV, 949. 



mercial irons, each desig'necl for sj)ccific purposes. A knowledge 
of the effect of impurities is indispensable to iron manufacturers. 

Effects of Other Elements on the Properties of Iron. It is im- 
possible to state accurately and conij)letely the encct the 
various elements found in iron— a full and systematic research 
has never been made. The only way to gain full information on 
this subject would be to add the elements to iron separately and 
in varying propoiiions, and then to test each product. This 
would be an exceedingly laborious task, which the end would 
not justify. Since the effect of any ingredient is inllucnce<l 
more or less by the presence of others, and since commercial irtm 
usually contains a number of foreign elements, the informu” 
tion is, for the most part drawn from tests nia<le on the several 
grades as inanu factored. 

The principal non-metallic elements combined in iron are 
carbon, silicon, sulphur, phosphorus and oxygen. 

Carbon . — When practically free from other elements molten 
iron may be made to dissolve as much as 4 .()^ j)er cent, of its 
own weight of carbon, On cooling, some of this carbon is 
retained in combination with the iron, while the rest separates 
in scale-like cry.stals of free, graphitic carbon, v^ome of this 
graphitic carbon escapes during the cooling, but the larger part 
of it is incorporated in the mass of solidifying metal. Oraphitc 
obtained from pig iron is called “kish.” 'Phat in the iron may 
easily be detected with the eye on a fractured surface. If the 
molten iron be cooled slowly the greater j)art of the carbon will 
separate in this way, while in rapid cooling most of the carbon 
is retained in the combined form. If iron .saturated witli com 
billed carbon is subjected to prolonged heating at a tempera 
ture of about 700"’ C., dis.sociation takes place witli the libera- 
tion of iron and graphitic carbon. Although the saturation 
point for total carbon in iron, a.s determined by experiment, 
is 4.63 per cent., it is rare that iron is made to contain more lh:m 
3.50 per cent, unless some other sul)stance is present wliieli 
raises the saturation point. The saturation point is raised hy 
some and lowered by the presence of other elements. 
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Graphitic carbon imparts to iron a dark-i^ray color, tuniish- 
ing a most i*ea(ly means of detection. It renders the fracture 
coarse^ presenting the faces of graphitic scales, often onc-iourth 
inch across. These destroy, to a large extent, the continuity of 
the metal, impairing its strength. 'I'lie tenacity, elasticity, tough- 
ness, malleability and ductility are diminished ; the hardness is 
not much altered; the fusion point is lowered, and welding is 
made difficult or impossil)le. The presence of graphitic carboii 
in iron prevents to a large extent the occlusion of gases. It is 
rarely found in any other than cast iron, d'hose containing a 
high i^ercentage of graphitic carbon are known iti commerce as 
gray irons. 

Combined carbon exerts a more i)r() found inlluencc upon the 
properties of iron than that of any other element, d'lie relation 
of carbon to iron has been studied exhaustively from botli the 
scientific and practical points of view. The fracture of carbon 
iron varies from fibrous or hackley, the fracture of pure iron, 
to fine granular, the fracture of high carbon steel. So marked 
is this effect in iron which does not contain interfering elements, 
that an experienced ol)server can estimate the carbon to within a 
few hundredths per cent,, from the a|)i)earance of the fracture. 
The effect of combined carbon, in general, is to increase ten- 
acity, elasticity, and hardness. The maximum tensile strength, 
and the highest limit of elasticity are gained with alxmt one per 
cent, of carbon. The hardness is increased by adding carbon 
until the saturation point is reached. At this point iron is so 
brittle that it can be powdered. Carbon lowers the fusion ])oint, 
and interferes with welding. Iron containing a high |)ercenlagc 
of carbon can not be welded by the usual method. High caii)on 
iron is used for making permanent magnets, since it will remain 
magnetized indefinitely. The permanence and efficiency of steel 
magnets is increased by adding carbon up to 0.85 per cent. (Met- 
calf). It is possible that carbon foinns a number of definite 
compounds with iron, the composition of these varying with 
the amount of carbon or other elements present and the heat 
treatment. The probable number of carbides and tlieir compo- 
sition are unsettled questions, only one having l)een isolated. 
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This was discovered by Abel, and corresponds to the fonmda, 
FcoC. The effect of caii)Oii is governed to a larei'e extent b} the 
presence of other elements in iron and most profoundly by heat 
treatment. The study of this subject is continue<l undei’ the 
heat treatment of steel (pp. 21S-J21 ). 

Silicon . — Like carl)on, silicon may exist in iron in both tlie fiaa* 
and combined state. Free silicon, liovvever, sej)arates only un 
der peculiar conditions, and is rarely ever [)rosent. It is probable 
that silicon combines with iron in different proportions, <lepend 
ing upon temi)erature conditions and the j)resenee of other ele 
ments. d'he silicide is more soluble in molten iron than the ear 
bide, and the i)resence of .silicon causes carbon to precipitate 
from iron. If as much as seven j)er cent, of silicon is present all 
of the carbon will be in the form of gra])hite. In iiaju and stetd 
manufacture fcKro-silicon is used. 'J'his material is made in 
blast furnaces or electric furnaces, and may contain upuartls 
of 60 per cent, of silicon. Commercial iron 'rarely carries mort* 
than four per cent, of silicon, and in tlie purer irons and soft 
steel not more than a few thou.sandths per cent, is present. The 
fracture of high silicon iron is bright and crystalline, Ijccoming 
coarser with the higher percentages. Silicon develops hardness 
and elasticity in iron, but it diminishes the tensile strengtli and 
ductility and renders the metal unworkable, v^pring sleid mav 
contain as much as tvv(j per cent, with the carbon as low as half 
a pel cent. 1 he most useful eltects of silicon are obtained when 
it is added to iron as it is ca.st. 'Phe fu.si<m ])oint is lowered 
and occlusion, .so far as o.xygen is eoneerned, may he almoNt en 
tirely prevented. At the temperature of the molten hath, silieem 
combines with both the free, dissolved oxygen and a part cd* that 
which is in combination with the iron. 'Phe resulting eompomuh 
silica, forms a fluid slag, ferrous silicate, with the ccxces^ rT 
ferrous oxide present, and this ri.ses to (he surface of the hath. 
vSteel makers almost invariably a<ld a small amount of siliiaai in 
some form wlien casting steel. 

Sulphur.— Thh element is found in all grades u! iiam exrrpt 
that made from very imrc ore, and .smelted with ehareoal. If 
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ists as FeS, which is readily dissolved in molten iron. Sulphur 
is a most ol)jectionablc element in the purer irons. A few hun- 
dredths of a per cent, may cause iron to crack while it is ])ein^^ 
for^^^ed at red heat. This failin^»- is terme<l ‘h-ed-shortness.” The 
effect of sulphur is less marked in iron containini,^ a hi|4’h per- 
centage of manganese. ^Phe etlcct on linislRnl iroti is not consid- 
ered serious if not over o.of> per cent, is present. 

Phosphorus . — The ])hosphide of iron, like the com])ounds 
above, is readily diffu.sed in the metal. 'Pherc are probably .sev- 
eral phosphides of iron, though their coittposition has not been 
determined. Ferro-phosplwnts, containing as much as 25 per 
cent, of pho.sphorus, is now manufactured. Phosphorus lowers 
the melting point and conduces to smoothness of surface in cast 
iron, which may carry as much as t.5 per cent, of this element. 
In the purer irons phosphorus is a dangerous ingredient, d'he 
metal containing it may be quite easily forged, showing no sign 
of weakness while hot, but when cold tlie touglmess, malleability 
and ductility are impaired. As much as half a per cent, would 
render iron very brittle when cold, though it shows no signs of 
failure while hot. Phosphorus is ()ractically eliminated from 
some grades of iron. 'Phe highest gra<les of steel made for struc- 
tural purposes carry from 0.0 10 to 0.035 cent., and a great 
many carry from 0.035 h) 0.10 per cent. 'Pile ellect of phos- 
phorus is but slight under 0.03 per cent. 

0.rvf/r7«.— 'Phe scale of oxide that forms when iron is burnt 
is not dissolved or diffused in the molten metal as the above conn 
pounds are. A chemical analysis, however, will generally show 
in iron treated 1)y any refining jirocess, a small <|uantity of oxide. 
These mechanically incorporated fiarticles wa*aken the metal in 
proportion to their number and size. If scale is left on surfaces 
to lie welded, it will either prevent the pieces from uniting al- 
together, or make the point of union weak. 

'Phe principal metallic elements alloyed with iron are mangan- 
ese, nickel, chromium, tungsten, molyhclenum, titanium, vana- 
dium and aluminum. 

Manganese.— Aft(^v carbon, manganese is the most ini|)ortant 
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element that is added to iron. It is smelted for this purj^osi* 
and marketed under the names spic(/cl-cisc}i and jerro-ntan 
ganese. These are rich alloys with iron, the former containiue: 
about 25 and the latter about <S() per cent, of mauji^anese. 1 'he 
low carbon or soft steels are made to contain from 0.30 in 0.5c » 
per cent, of manganese, and the high carbon steels from t(» 
1.2 S per cent. As much as two or three per cent, pnxluces ex 
treme brittleness. When carl)on and other elements are prestait. 
the effect of manganese is largely counteracted, and its preseiu'e 
is highly benehcial. Thus, in cast iron it is sai<l to act as a 
softener and in the carbon irons or steels it may be .said to in 
tensify the effect of carbon. Tlie chief value of manganese lies 
in its indirect influence upon the properties of iron. ( )n account 
of the readiness with which it diffuses with iron, and its stnuiger 
affinity for oxygen and sulphur, it has i)roved an excellent agent 
for the removal of these impurities from iron, promoting sound 
ness and freedom from red-shortness. 

If more than seven per cent, of manganese is added to iron, 
remarkable toughness and hardne.ss arc developed. 1'he famous 
Hadfield steels contain about 13 per cent, of manganese, and arc 
at once so tough and so hard that they can itot he machined. 

Nickel.— Vht' extreme toughne.ss of nickel, its high melting 
point, and its resistance to oxidizing agents would seem tt> reeom 
mend it a.s aii ingredient in iron. Nickel increases tenacity and 
elasticity in iron, and to .some extent hardness. Welding is marie 
more difficult and conductivity is dimini.shed. When the itiekel 
is increased heyotul 20 per cent, the proj)erties become impaireck 
The well-known nickel steels contain about three per cent, of 
nickel. Larger cpiantities are sometimes added to iron to render 
it non-corrodihle. 

Chromiuui.— Vhh metal is manufactured ehielly frmn eliromc* 
iron ore which yields an alloy, fecco^cliromiuui, containing up 
wards of 65 per cent, of chromium. In this form it is added tr^ 
steel to improve its wearing and cutting [)ower. The tensile 
strength and elastic limit are raised in iron by the presence of 
chromium. In pure iron the liardness is not nmeh affected; hni 


1 11^ 


MKTAM.rKC.V 


in In’^h caiiHui iron two ]»cr cent, of cliroinimn dcx'clops extreme 
hardness. It is helie\ed that the hardness of chrome steels is due 
to the fact tliat chroniiuin raises the saturation point of iron 
for carbon, the alloy holding' more carbon in the hardening 
form than it is pcjssihle for iron alone to hold. Chrome steel is 
readily forged, though ditlicult to weld. The tenacity and elas- 
ticity of iron may he increased by adding- chromium up to live 
or six per cent. 1'he hardest and best wearing steels contain 
chromiinn in addition t(> nickel, tungsten, vanadium or other al- 
loying metal. 

TiiHijsten. The use of this metal is more limited, it being 
rarer tlian either of the last two. is prepared 

from wolframite, and contains a high percentage of tungsten 
(about 75 per cent.). 'Phe metal is u.sually adtled to iron in this 
form. Like chromium, ttmgsten exerts its most remarkable in- 
lluence upon the ])roperties of iron in the jjresence of carbon. 
When alloye<l with high carbon iron, luardness is developed, 
which may excee<l even that of chrome-steel. Tungsten steels 
are known as “self hanlening,” hecatise they do not re(|uirc tem- 
pering. 'rungsten steels are diriicult to forge and can not be 
worked at all when cold. A small percentage of tungsten is said 
t(^ improve magnetism in steel. 'Plie famous Mushet steel con- 
tains about two per cent, of carbon and about eight per cent, of 
tungsten. ( )ther steels are made richer in tungsten, and are 
consetiuently harder and more brittle. 

'Phe temper of steel that is hardene<l with tungsten is not im- 
])aired like tlnit of ordinary carbon steel by heating. It a])pears 
that the carbon is the real hardening element and that the action 
on the tungsten is to hold the earhou in solution. Some evidence 
of that is fomtd in the following ex]>eriment whieli was first ol> 
.served by Langley. If a pieee of earhon steel he lield against a 
revolving emery wheel a shower of tiny stars of great brilliancy 
is produced, due to the explosive eomhiistion of the particles of 
carbon. If, however, the steel contains three per cent, of tung- 
sten the sparks emitted are mostly of a dull-red e(»Iur, and a red 
hand is seen to cling to the jieriphery of tlie wlieel. 



Chronie-tiin^^sten steel has the peculiar and valuable property 
known as “self hardening,” and is used for high speed cutting 
tools. These tools will hold an edge when heaied to dull red- 
ness. 

Molybdcintm is similar to tungsten in its relation to iron. 
About half as much molybdenum as tungsten, however, is re- 
quired to ].)roduce the same result. In other words, approxi- 
mately the same result may l)e obtained by adding tungsten or 
molybdenum to iron in the ratio of their atomic weights, the 
atomic weight of tungsten being i<S4 and that of molyl)denum 
being 96. These metals are also added together and with chro- 
mium to iron. 

'ritaninni.—Thii^ element is rarely ever found in iron in the 
free state, and it has not been shown that it imj)arts any valu- 
able proi)erties as an alloying ingredient. It is manufactured 
l)y an electric furnace process in the form of fcrro-titanimu. 
carrying 10 to 15 ])cr cent, of titanium, and in this form it is 
added to molten iron to j)revent unsoundness resulting from oc- 
cluded gases, d'itanium combines readily with oxygen and, un- 
like other cleansing elements, it has a strong affinity for nitrogen. 

Vanadium . — This metal has until recent years been too rare 
and costly to ])ermit an extensive use in the manufacture of in- 
dustrial alloys, 'Phe most imi)ortant results with vanadium have 
been gained when other metals and carbon are present. In some 
alloy steels the addition of a small amount of vanadium greatly 
increases the tensile strength and resistance to shock. The in- 
fluence of vanadium is remarkable in that a few tenths |)er cent, 
only is required, from two to six tenths being ])resent in vana- 
dium steels. ( )n account of the readiness with which it oxidizes 
vanadium is an excellent cleanser for molten iron. 

Aluminum. --It has not been shown that aluminum by direct 
influence imparts any useful ])ro])erties to iron. It appears to 
increase the solubility of iron for .some gases, thereby offsetting 
the deleterious effect of occluded ga.ses. It is an excellent deox- 
idizer for molten iron, and is extensively used for this purpose. 

Other Metals, including co])per, col)alt, tin, arsenic, antimony, 
9 
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bismuth and the precious metals are soinelinies present as im- 
purities or may be intentionally added. cobalt ami the 

noble metals render iron less corrodible, an<l if the proper heat 
treatment is given there is an increase in the tensile strength. 

erases . — The property of occlusion, or the solution ol gases is 
important in the metallurgy of iron. In all processes wherein 
iron is melted, the air or other gases whicli come in contact with 
it will be absorbed to a certain extent. 'I'he larger part ot this 
gas passes out of solution and is expelled <luring cooling. Some 
becomes entrapped, forming cavities, separates in globules 
(blow-holes) while the metal is in the scnii'Solid eonditi<Hi, and 
that which remains is held in tlie metal as a solid solution, i. c., 
forming no visil)le cavities, but dillusing" or alloying with the 
metal. As a rule, the purer iron is, the less will be its solvent 
power for gases. Aside from the weakening etTect of blow- 
holes, it is impossible to state fully and accurately the effect of 
dissolved gases on iron. But it is recognized in the refining of 
iron that the best results are gained under those conditions which 
permit the lea.st amount of occlusion. It is jxissible that many 
cases of red-shortness and failures of various kinds in lioih hot 
and cold iron are due to occluded gases. < )xygen, nitrogen and 
hydrogen gases are dissolved by iron, and carbon monoxide and 
carbon dioxide arc said to be dissolved under certain conditions. 
Thomas Baker’ heated exust steel in a vacuo iti a glazed porcelain 
tube, and obtained gas of the following coni])osilion : 

COo CO 11.4 CUi N.. 

0.48 48.05 49.62 1.45 

Chemical Properties of Iron,— Iron couihines with all the non- 
metallic elements, generally forming two or tnorv <lisiinct com 
pounds with each. It is dissolved by all the mineral acids with 
which it forms well known sails. In dry air at ordinary tempera* 
tures iron undergoes no change, hut when moisture and airlnm 
dioxide are present it rusts, /. c.. it is slowly converted into a hy* 
drated oxide, similar in composition to some hematites. I'inely 
divided iron burns freely in air, and wlicn heated in mass the 
’ Met. & Chein. Eng., VIII, 285. 
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outer skin burns, forming what is known as '‘scale”. This is the 
magnetic oxide, corresponding to the natural compound Fe;..04. 
Ferrous oxide (FeO) is not known in the isolated state, owing to 
the readiness with which it combines to form higher oxides and 
salts. It is a transitional product in the reduction of higher oxides 
and in the oxidation of metallic iron. It is basic in character, 
forming easily fused compounds with silica. It combines also 
with phosphoric and other acid radicles. The magnetic oxide 
(Fe.. 0 .i) is theoretically made up of one molecule each of the 
protoxide and the sesquioxide (Fe^O,..). Iron sesquioxide is par- 
tially reduced to the magnetic oxide by heat, and both oxides are 
reduced to metallic iron by carbon and reducing gases at a tem- 
perature far below the melting point of iron. When melted or 
heated above redness iron will decompose water with the libera- 
tion of hydrogen. Some fearful explosions have resulted from 
spilling molten iron into water. The carbonate of iron (FeCO.) 
is decomposed by heat with the liberation of carbon dioxide, the 
residue being ferric oxide. Iron and sulphur combine to form 
fenous sulphide (FeS) when heated together or when iron is 
heated with the sulphide of another metal which has less affinity 
for sulphur. When ferric sulphide (FeSo) is roasted ferrous 
sulphide is formed, but sulphur may be completely liberated from 
iron by heating under oxidizing influences. Ferrous sulphide is 
also decomposed at a high temperature by the action of certain 
other metals or bases which have greater affinity for sulphur. 
Practical examples are afforded in the substitution of manganese 
and calcium sulphides in steel refining and of copper sulphide in 
copper smelting. The phosphide of iron is decomposed at a mod- 
erately high temperature by a strong base such as lime or ferrous 
oxide, the base forming a phosphate. The carbide and silicide of 
iron are decomposed by direct oxidation or by the action of oxides 
at furnace temperatures. 


CllAVrER IX 


IRON SMELTING CHEMISTRY OF THE BLAST 
FURNACE PROCESS 

Pig Iron.- 'riiis term originatctl with the nuiluHl ot casting 
iron from ])lasl furnaces in sand ])e(ls. See ]>. t4<>. Pig iron is the 
product of tlie blast furnace process which has not been reilned. 
it therefore signifies no special t|iia!ity or composition. In all 
civilized countries iron is first smelled in tins impure form, and 
the purer irons are jireiiared from this hy separate relining 
jirocesses. This seems illogical in view of the thui that pure iron 
may he made and is made directly from the i»re, Init the reasons 
for the existing methods are economic ones. 

Preliminary Description of the Blast Furnace Process. 'I'hc 
drawing ( I'ig. 30 j reiiresents in sectitm a blast furnace, witlioul 
the accessory a])paratus. The foumlation is laitl in concrete and 
masonry, ami upon this a cirele of cast iron columns is |»lacetl to 
snpi)ort the superstructure. The walls of the furnace above llie 
region of the bosh are eneased iti boiler plates riveted together, 
and tlic bosh walls are reenforced with heavy iron hands. The 
walls and hearth of the furnace arc thickly lincil with lirediriek, 
and in the region of the bosh and hearth the walls are water- 
cooled. The l)last is introduced into the furnace through a mum 
])er of openings near the bottom, one of which is shown in the 
drawing. The huslle"])ipe, which liranehes from the blast main, 
surrounds the furnace, and to thi.s the pipes delivering the air 
into the furnace ( hluw-inpes ) are connected by means of goose- 
necks. Tlie gases arc taken from tlie fnrtiaee tlirough one or 
more openings at tlie lop. 'I'hc furnace has two hoppers, the 
bottoms of which are closed hy means of conical castings known 
as bells, 'fhe hells are hung on counterpoised beams and are 
lowered when the hc)i)])ers are to lie emptied. All the older fur- 
naces liave hut a single hell and hopper. loir further descripticais 
see Cliajiter X. 

The com])onents of the lilasl furuace Imrtlen are the ore, flux 
and fuel, and the air supply is known as the blast or the wind. 


metallurgy 
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The gallflies of iron ores in this country are | 4 :encrally silicious, 
and are fluxed with alninina, lime and ina^^nesia. lame is gen- 
erally added as limestone, the other bases bein|^ supplied by the 
ore itself and l)y the stone and fuel. 'The common fuel is coke, 
though charcoal and anthracite are used in some localities. The 
blast is heated in re^j^enerative chambers called stoves before il 
is delivered into the furnace, the combustible gas taken from the 
to]) of the furnace being utilized for this inirpose. I’nder normal 
working conditions the furnace is kejd almost full, and the blast 
is maintained at as near a uniform teni] )erature and pressure as 
possible. 1'he blast, at the moment it enters the furnace, reacts 
with the fuel and is largely converted' into a reducing gas, which 
in passing upward through the mass of ore, reacts with it and 
sets the metal free. The first reaction of the l>last with the fuel 
together with the initial heat carried in hy tlie feu’iner, creates a 
very high temperature in tlie bosh of the furnace, I'liis facili- 
tates the final reductions, the formation of slag and the fusion 
of the iron, 'riie metal and .slag, being eum])letely liquidized, 
run down into the crucible of the furnace, the slag floating on the 
metal as oil floats on water. 1'hesc are tapped out when they 
have accumulated in snflieient ([lla^til\^ Since tlie ascending 
current of gases is iti contact with coke all the way to the to]), 
the gases biken from the furnace are largely eombustihle. Tliey 
arc utilized for heating the blast, generating steam, and for other 
purposes. 

Chemical Changes in the Blast Furnace, The reactions oc- 
curring in a blast furnace are exceedingly intricate, and heycaicl 
the reach of a thorougli investigation. 'Fhe more im])ortant 
reactions may be known, and the ultiniate changes can be as- 
certained with exactness by an examination of all the raw ma- 
terials and the products, but the transiticinary changes can not be 
observed. Inirthermore the conditions existing in a blast furnace 
can not lie reproduced on the extieriniental scale, these being 
dependent in a measure upon the large tpiantities of substances 
treated. 'Phe blast introduces the elements, oxygen, nitrogen 
and hydrogen into the furnace, the hydrogen lieing combined 
in water vapor, which is always present in the air. fl'he action 
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of the princii)al elements of the l)last and burden may be out- 
lined as follows : 

Oxygen. — The oxygen of the Idast, l)eing already at a high 
temperature, and coming in contact with a large excess of glow- 
ing coke, becomes saturated almost instantly with carbon- ■ 

C -f (), - CO, 

C + CO, zz: 2CO. 

Nitrogen. — The nitrogen of the Idast is for the most i)art inert 
and may be said to play no economic part in the process. It is 
an interesting fact, however, that the conditions necessary for 
the formation of cyanide exist in the blast furnace. The alkali 
which is derived from the ash of the coke, ‘is reduced by carbon, 
and nitrogen is added — 

KXO, + C, T N, =r 2KCN + 3C0. 

It has been suggested that this reaction is res])onsible for the 
reduction of a large portion of iron, but this would seem hardly 
possible from the small amount of cyanide that is known to be 
formed. 

Hydrogen is formed by the decomj)ositi(m of water vapor as 
in the gas producer. It would seem to i)lay some part in the 
reduction of iron oxide, thus— 

H, + 1^T,(), - be, + 3l L( ). 

But the water formed would again be decomposed, and though 
this would restore the hydrogen for further action, the net 
result would be a loss of heat, as explained on ]>. 63. 

The i)rincipal solid substances in tlie burden which enter into 
the chemistry of the process are carbon, iron, manganese, phos» 
phorus, sulphur, silicon, lime, alumina and magnesia. 

Carbon.— In addition to the reactions with oxygen, as given 
above, carl)on reacts directly with the oxides of iron, manganese, 
silicon and phosphorus, reducing them completely— 

Fe,(), + C,, ==: Fe, + aCO 
Ml\ 0 ^ + C4 :zr Mil., + 4C() 

SiO.i -j- — Si "T" 2C() 

+ C, p, + 5C(). 
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Some of the carl)()n enters intt) eoinhinatitni with the iron, as 
shown ])eIovv% and a smaller portion is eeiucntetl into the linin^^ of 
the furnace, as will be explained later. 

/roa.- -d'he iron is almost completely reduced by the action 
of carbon and carbon monoxide. W'here rich ores are smelted, 
not more than o.oi per cent, of the total iron in the chaise should 
escape reduction, d'he reduction begins with the descent of the 
ore and is finished above the region of the bosh. Upon reaching 
the bosh the iron is in the form of a spongy mass or a black 
powder. It now takes up carbon, fuses and trickles down into 
the hearth of the furnace. It is at this time that phosphorus and 
silicon combine with the iron, an<l manganese is alloyed with it. 
The small amount of ferrous oxide that is not reduced is com- 
bined with silica in the slag. 

I<e,(), I 3^0 I'e, i 3C(), 

Fe,0, ! CO 2he() ; CO, 

aFeO j SiOa 2FeO.Si(), 

Fe I C, T vSi, i l\ I Mn. i vS, Idg iron. 

MangcDicse, which occurs in iron ores chicHy as the sestjui- 
oxide and the dioxide, rec[uires a higher temperature titan iron 
does for its reduction, (kmerally, about half that is in the ore is 
reduced, the rest acting as a basic Hux- Manganese is desira- 
ble in the l)last furnace for its de.suIphunVJng OTect on the iron. 
The reduction of manganese is analogous to the reduction of iron. 

Phosphorus is conipletelv reduced by carbon, and passes im- 
mediately into the iron. Only traces of phosjdiorus are to he 
found in the slag. The reduction seems to lake idace only in 
the hottest jiart of the furnace and in the jiresence of a large 
amount of silica. Idu)S])lu)rus is present in tite raw materials 
chiefly as phosi)hates of iron and calcium. 

Sulphur is alway.s present in coke and eot infrequently in iron 
ores as pyrite. A part of this is by tlie iron as the 

monosulphidc. The larger part is taktii ItUo tlte slag as calcium 
sul])hide— f 

lu^S + Ca(.) .= FeO CaS 

The conditions favoring the absorption of suli)lnir l)y tlte slag 



are a high temperature of working' and a high ])ercentagc of 
bases in the charge. A very liquid slag in large hulk naturally 
promotes the removal of sulphur from the iron. 

Silicon is reduced only in the hottest part of the furnace, and 
by solid carl)on. "Phe larger ])art of the silica in the charge re- 
acts with lime and other basic oxides to form the slag. The 
silica, always retaining its two atoms of oxygen, combines in 
different proi)ortions with the bases, which are either in the pro- 
toxide or the sesquioxide .state, d'hese proportions are expressed 
l;)y the ratio of the oxygen in combination with the base to that 
in combination with the silica. 'Phe ratio in blast furnace .slags 
is generally i to i, or, rei)resenting the metal by M, the general 
formula for the .slag would be 

(2MO.SiO;), (2M.A*3SiO,), . 

Lime and Magnesia . — These substances act similarly in the 
blast furnace, the one re])lacing the other in the charge. 1'hey 
are formed by the calcination of the raw stone, which is usually 
brought about inside the furnace— 

CaCO, + MgC( ), = Cat ) 4- Mgt ) + 2C( ), 

A note on the u.se of previously burnt lime as a flux will be found 
on pp. I3(S, 1 39. Lime is the chief basic flux in the blast furnace, 
uniting with the silica of the charge as monosilicale. If this ratio 
is changed the slag becomes le.ss fusible, absorbs more heat, and 
the temperature of the furnace is raised. 'Phe silicate of lime 
alone is difficultly fusible and would not be fluid at the tempera- 
ture of the furnace hearth, but the fusion point is lowered by 
the presence of other ba.ses, and e.specially by alumina. 

Alnininiim is in no wise reduced, but it enters into combina- 
tion with silica as the ses(iuioxide (alumina), forming the mono- 
silicate. (n*edt has found that a mixture of alumina, lime and 
silica is most fusible when the ])ro])ortion is 1.07 parts Al..( 
1.75 parts CaO, and i.(S7 parts SiO.^.' 

Other Metals.~rht metals titanium, isinc, copper, arsenic and 
chromium are sometimes jiresent in blast furnace charges in 
^ .Stall 1 und Risen, 9, 756. 
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sufficient quantity to affect the working of the furnace or the 
quality of the iron produced. 

Titanium is scarcely, if at all, reduced, unless present in con- 
siderable quantity. Being a highly refractory substance, titanic 
oxide may render the slag difficult to fuse, unless the proper 
mixtures are used in the charge to flux it. High titanic ores 
have been smelted successfully in blast furnaces by allowing the 
titanic oxide to replace silica in the slag.^ An interesting com- 
pound of titanium with carbon and nitrogen, known as cyano- 
nitride of titanium, is often found in the hearth and wall accre- 
tions of blast furnaces. It is in the form of small cubes, which 
are very hard and look strikingly like copper.- 

Zinc, if reduced, does not reach the hearth of the furnace, 
owing to its volatility. Any zinc vapor becomes oxidized in the 
cooler part of the furnace, probably by the action of carbon 
dioxide. The oxide is deposited on the upper walls of the 
furnace and in the stoves and flues. Some enters the slag, 
rendering it less fusible. 

Arsenic is almost totally reduced, entering the iron as arsenide 
or arsenate. 

Copper is reduced and allo3)ed with the iron. 

Chromium is more difficult to reduce than iron, but it may be 
reduced in considerable quantity if a high temperature is em- 
ployed. Owing to the refractory nature of chromium oxide, 
special fluxes are required for smelting chrome-iron ores in 
blast furnaces. 

Blast Furnace Slag.— It is seen from, the foregoing that blast 
furnace slag is a mixture of the silicates of alumina, lime and 
magnesia, the silicates of iron, manganese and other leases ])eing 
present in smaller quantities, or as impurities. Sulphur is pres- 
ent, chiefly as sulphide of calcium. It has also been shown that 
the composition of slags varies with that of the raw materials 
and with the temperature at which they are formed. Otherwise 
expressed, the slag is an indicator of the condition of the fur- 

^ Paper on the smelting of titaniferous ores by A. J. Ros.si. Trans. 
Amer. Inst. Min. Eng., 21, 832. 

“ Percy, “Iron and Steel,” pp. 163, 510. 



iiaoe. Some idea of the composition of a sla|>^ may l)e gained 
from its viscosity while fused and from its api)ea ranee after 
cooling. For example, a slag of the proper composition will How 
neither too sluggishly nor too readily, l)ut in a manner well 
known to the trained observer. 'Poo much silica in the slag will 
be indicated by free flowing, and too much lime by the reverse. 
The fracture of a high silica slag is glassy, while a limy slag 
presents a granular or stony fracture with a dull-gray color. 
Siliceous or 'dean'’ slags are apt to contain a good deal of iron, 
which may render them dark-brown in color, or even black. If 
much manganese is present the color will l)e green. A siliceous 
slag indicates that the furnace is working at a low temperature, 
and the iron is likely to be high in combined carbon and high in 
sulphur. No fixed rule can be laid down for these indications, 
since the condition of the furnace is subject to irregularities, the 
eflfect of which on the ])roduct is indeterminable. 

Typicai, Br,AST Furnack Sx.At'. 

vSiOo AlaO;, MnO I'eO CaO MgO CaS P-Of, K.O, Tio... etc. 

43 U.50 X 0.25 34 3.50 2 0.05 2.70 

Wall Accretions. — 'Particles of coke, lime, ferrous oxide and 
other refractory vsubstances are agglomerated and cemented to 
the walls of the funuice ])y a slag. The dej)ositcd material in- 
creases to vsonie thickness and forms a protective coating over 
the lining. It extends all the way from the ni)])er limit of fusion 
in the furnace to the cruci])le, its eom]K)siti()n varying with the 
conditions at different heights. Aside from the l)enc(icial result 
of wall accretions, there is danger of ati irregular growth on the 
walls of blast furnaces. 'Phe accretion may extend inward for a 
considerable distance around the furnace and form a “scatToldA 
With this as a starting point the stock may arch above the melt- 
ing zone and hang for some time. This is followed by a "sli]),'* 
which is the falling and settling of the burden. This upsetting 
of the furnace burden is a most undesirable occurrence, being 
specially disastrous to the working of tall furnaces. Hanging 
and slipping are not, however, always to l)e attributed to wall 
accretions. Abnormal accretions or scaffolds are less likely to 



form in furnaces that arc char^^ed and blown with re^^’iilarity 
and in which rejj^ularity of working is ai<lc<l by an even distri- 
bution of the stock. .Accretions may be removed by increasinjjf 
the temperature at that point, dins may be done by introducinii^ 
a special' tuyere or injcctin<jf oil in the rc^i^ion of the obstruction. 

Blast Furnace Gas.— I'he composition of blast furnace ^as is 
about the .same as unenriche<l producer j^as, the conditions under 
which it is formed bein^ similar. The analysis here |;(iven may 
be taken as typical for ^nis from a coke-burn inj^ furnace. 

Nitrogen Carbon dioxide Carlx)!* monoxi<le CmburetH Hydrogen 

6o 14 '-^4 * J 

Flue Dust.- — Alon^ with the ^as a (|uantity of tine particles of 
solid matter are carried over. I'he nature ami ([uantity of these 
vary with the character of the bunlen and the blast pressure. 
Generally speakin);’;'. Hue dust is made up of coke and ore. Zinc 
oxide is present if the ores .smelted carry /.inc, and volatile metals 
in general or those whose compounds are volatile will be concen- 
trated in the flue dust. 



CHAPTER X 


IRON SMELTING^ THE BLAST EURNACE PLANT 
AND PROCESS 

Description of the Plant- 'fhc principal parts t>f a ])lasl fur- 
nace plant are shown in the ])lan drawing ( 37). I'his with 

the accompanying legend shows the relation of the dilliu’cnt parts 
of the plant to each other and their essential functions. Detailed 
descriptions follow. 

The Funacc .SVacA’.— 'I'he drawing tai p. 1 15 shows tlie lines ot 
a typical American furnace. The ([uality of the ore and iuel 
and the output are governing points in the construction of blast 
furnaces. A furnace that is rather low (not over 75 feet) and 
wide at the bosh seems to be most .suitable for snu‘lting lean 
oreSj since it affords a high temperature and a large melting area 
in that region. Tall .stacks (such as the drawing re])resents) are 
suitable for rich ores and are ncces.sary to the greatest yields of 
iron. As large i)roducers of iroig they recjuire a firm coke, {i> 
withstand the weight of the burden and a high pressure of blast. 
The well or crucible of a furnace with a high stack is made 
larger in proportion, and the bosh walls are made stee|)er, for 
the reduction and fusion zones are higher tlian in low stacks, 
and the burden is thus made to de.seend more rapi<lly. 

While building a furnace some .special precautions are taken In 
constructing the bosh walls, 'fhe.sc are subjected t(» greater wear 
from the stock than tlic ui)per walls, since tlieir .slope is out 
ward, and with the higher tetnperature and scouring slag tltcy 
are more rapidly fluxed away. The life (»f the hosli walls is 
greatly lengthened l)y water cooling, 'rhis is accomplished by 
introducing hollow blocks of cast iron or bronze into tlie walls, 
in the manner shown in Ing. 38 and causing water to circulate 
through these. The hearth of the furnace is cooled by allowing 
the water which is discharged from the coolers to circulate in a 
trench, which surrounds the furnace at the base. Cniyleyks IjohIi- 
cooling, bronze plate is represented l)y Fig. 39. The water is 
admitted through one of the oi)enings and discharged tlirough 
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1 - X^uni ace stack. ^'-“Htoves. Heconclary waihern. 

2"~I)owntake. a Hot blast main. n>«C»ai blowing engines. 

3 X>« 8 t catcher. 7 -Bustle pipe. 1 1 Hteam blowing engines. 

4“Priniary washer. H-Iloilers. 12 CriUl blast main. 
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the other, haviii|)^ 1ml the one course. 'I'he wehs inside the ])l:ite 
permit of its hein^^^ made li^ht without dan|,^cr of crushinjL*' in the 
furnace wall. 'Phe plate is cast smooth tm the top and bottom 
and is wed|>^e“Shaped, so that it can easily be inserted in the fur- 
nace wall or removed wlien renewal is necessary, b'urnaces re- 
cently built at Ihthlcliem are provided with water jackets in the 
boshes instead of ])lates. 'Phis is a new departure in iron blast 
furnace construction. 

The tuyeres, or o])enin|^s throui^i^h wliicli tlte blast enters, are 
also water-cooled. 'Phe ^^eneral arran^^ement is shown in 
40. 'Idle tuyere, into wlnVh the blast pipe is fitted, projects 



39*" nnyley pliite. (Hf »1 Mtoiufucturiiig Co.) 


through the wall of the furnace to the interior, as shown in Kigs. 
36 and 38. 'Phe tuyere, in turn, tits into the larger cooler in the 
manner shown. 'Phe large cooler is a protection to the brick work, 
since it does not have to he renewetl often, and in drawing and 
inserting tuyeres the liricks are not di.sturlied. Water is circu- 
lated through the tuyere and cooler by means of separate supply 
and waste pipes. 

'Phe number and of the tuyeres is largely a matter of 
judgment. Within certain limits, the fewer tlie number of tuy- 
eres and the larger their diameter, the greater will be the i>ene- 
trating power of the blast, while with a larger number of tuyeres, 
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the blast is more evenly distributed. The niiniher of tuyeres at 
dilferent furnaces varies from 8 to 16, 12 hein^ common. 

Charging Apparatus . — At the older plants the stock is raised 
to the level of the furnace top by means of elevators or platform 
hoists, the materials having been loaded into barrows and 
weit;hed, and from these it is wheeled by laborers and dum])ed 
into the furnace hopper. 

The modern blast furnace charj^in^ apj)aratus consists of the 
bell and hoj)ptr, and often a special device for distributinj>^ the 
materials in the hoi)per. 1'he materials arc hoisted l>y means 



of a skip car or l)ucket traveling over an inclined track from tlic 
stock bins to the furnace top. From the drum of the hoisting 
engine on the ground level a wire rope is i)assed over a sheave 
on the top of the furnace, and fastened to the car. At most 
plants a double skipway with two cars is employed, the loaded 
car being hoisted while the empty is returning. 

Among the first successfully operated, mechanical hoists are 
those of the Carnegie Steel Company’s furnaces at Dmitiesne, 
Pa. This hoist consists of a bucket suspended from a truck 
which traverses the track. The bucket is filled by running in 
10 
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the materials from opposite bins, thus efl’ccting a ^(ood mixing’. 
Tlie bottom of the bucket is closed by a cone or bell, which can 
be lowered to empty it. 'Phe material is therefore not dumped 
but discharged around the bell after the bucket has been hoisted 
and placed in position over the furnace hopper. 

'Phe charging bells are hung on countervveighted beams, and 
are o])erated by means of steam cylinders on the ground level. 
'Pho size of the lower bell is important in effecting the pro]>er 
distribution of the stock. If it is too large in <liameter the ma- 
terial is thrown to the sides and the lum])S roll back to the cen- 
ter; if the diameter is too small the material forms a circular ])ile 
away from the walls, causing the lumps to roll both to the cen- 
ter and to the walls. ^ In either case the tendency is toward an 
une(|ual distribution of the ascending current of gases, siiu'c 
channels are at once formed by the large lumps. Such condi- 
tions lead to irregular reduction and fusion. 

Fig. 41 represents a blast furnace recently built at liethlehem, 
I'^a. It is e([uipped with a double .skii) hoist and automatic dis- 
tributor, The skip cars are operated l)y means of a motor at 
the ground level and the usual rope arrangement. The bells 
are hung on counterweighted beams, and are operated ])y rope 
connections to com])ressed air cylinders, as shown. 'Phe dis- 
tril)ution of the stock is effected by the movement of the beam 
which supports the small bell. 'Phe bell is attaclicd to a long 
sleeve, and inside of this the rod which supports the large ]>ell 
is susi)ended. 'Phe sleeve is sup])orted from the ])eatn by hang- 
ers and a spanner with a ball-])earing arrangement which permits 
the sleeve with the bell and deflecting |)late to revolve. 'Phe 
segmental deflecting plate has a .sharp incline, so that the material 
is diverted to one side of the hoi)per, and conse(iiicntly, when 
the l)ell is lowered the material is discharged to one side of the 
main hopper. As the bell is raised it is revolved through a 
slight angle by means of a crank shaft and rod attached to the 
])eam, causing the next load to be (Iroi)ped at a different place in 
the hopper. 'Phe angle is gaged to prevent dumping in the 
^ Trans. Amer, Inst, of Min. Eng., 35 , pp, 224 and 553. 
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same position when the heli and deflector have made a complete 
revolution. 



Fig’. 41. — Blast Furnace and Hoist. (Bethlehem Steel Co«) 

Dust Catchers . — A large part of the <lust that is carried over 
with the gases from the top of the furnace is detained by check- 
ing the velocity of the current and leading it abruptly in a dif- 
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ferent direction. A form of dust catcher is shown in l-if-. 4_». ll 
is a cylindrical vessel with a Imi-per bottom, ami provided with 
an'openinj- in the Indtom for lettinjr out the accnmnlated dnst 
The openinjj is closed hy means of a cotmterweiKhted cone, 'ria 



vessel is constructed of boiler plates and lined with fire-hric 
and is supported on cast iron columns. As indicated hy the ii 
rows the gas enters the side of the vessel and is withdrawn 
the top, the head of the outlet pipe being situated Itelow tl 


center of the chamber. The gas enters the clianiber at a tangent, 
swirls around, and the dust loses moinentuni by friction against 
the walls. Moreover, the current loses head by reason of the 
enlargement of the conduit, d'he dust settles in the hopper, 
from which it is removed peri(Hlically. ( )ther types of dust 
catchers take the gas in at the top and deliver it at the side, but 
the above type has l)een found to be more elbcient, especially 
for fine dust. If a more thorough cleaning is re((uired the gas 
is sprayed or led through scrubbers. 

St02'es,— VhQ introduction of the liot blast by Neilsou in i8jS 
marked a new era in blast furnace construction and j)ractice. 
While the inventor realized that by healing the air beforehand 
he could intensify the heat of combustion, his methods were 
crude and wasteful, em|)loying .solid fuel and in no way utilizing 
the waste gases from the furnace. Neilson’s invention led t(» 
the construction of many forms of appliance for heating the 
blast, and finally to the utilization of the gases, which had he*- 
fore been allowed to burn at tlie toj) of the furnace.* ( )f the 
earlier forms of blast liealers or stoves, there is hut one sur« 
vivor in this country. It consists of a rectangular, brick chaui 
her through which the l)last is conducted in numerous cast iron 
tubes. The gas is burned in the chamber and heat is Irans* 
mitted to the blast through the walls of the tubes, T\w very 
high temperatures now carried in the hlusl were never possible 
with the old style of heater, hut were attaine<l after the regen- 
erative system of firing was applied. The first regenerative stove 
put into successful operation was built by Cowper in 

A stove of the Cowper type is shown in section in I'ig. 43. It 
is essentially a fire-brick chamber, cylindrical in shape, and en- 
cased in iron plates. The combustion cluiml)er, i\ is located at 
the side or center and the rest of the space is filled with the 
division walls and vertical flues, F, The flues are open at hotit 
ends and communicate with the combustion chamber at the top. 
The space underneath the flues aud the comlmstiou chamlier 

^ Aubertot is said to have \mtti the first to utilize hhist funiaee gas, 
employing it for roasting ore in 1814, 
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and heat is absorbed by the iarj>'e mass of Indek work. The valve, 
V,, bein|( o])en, tlie jn'otluets (»f eomlmstion pass into the tunnel 
or due by which they are eoiulucted to the chimney. W’hen the 
stove has been heated the |>'as is shut off. aiul air is admitted from 
the cold blast main throu^dt the valve. the chimney valve be- 
in^ now closed. The air takes the opposite tlirection of the i^'as 
through the stove and becomes heated by contact with the hot 
bricks. It passes into the hot blast main throuj^dt the valve. \'... 

All stoves are now provided with indivitlual cinmneys instead 
of connectin^jf them with a tine lea<ling to a chimney common to 
all, as was done in older construction. Ivich stove is, therefore, 
an entirely separate and independent piece of a])|>aratus. 

44 represents an improved ami very elhcicnt type of stove, hav- 
in^^ a central combustion chamber and heatiujif Hues around this, 
ddie ^as and products of combustion lake the otjposite dirvCtiou 
indicated l)y the arrows, 1 'hese show the direction taken by the 
air, which is introduced throuji»h the vaK e at the base of the 
chimney, 

niast .Ipparatus, Steam blowinji;; en|j;;ines have luen used more 
than any other appliance for supplying air to blast furnaces. 
Ik)th the horizontal and the vertical types are in ciamnon use. 
(las l)lowiu|^^ en^dnes have been installed at many of the lai^e 
plants. These are driven with llie furnace gas. which of course, 
is thorouglily cleaned beforehand. M'he i^as eleanin|.j^ apparatus 
is cosily to build and operate, but this is ofTset by dispensini^ 
with the l)oiler plant. 

Ccnlrifu^uil l)luwcrs are in successful operation at several 
blast furnace i)lants. It seems prolmble that this type of blower 
will he more generally used, in view of its remarkable adaptabil- 
ity. 

Blowing In, The starting of the blast furnace process is 
known as “blowing in” the furnace. With a new furnace the 
lining must be tboroughly dried and heated up gradually before 
the regular charging is begun. James (uiyley has described a 
mctliod of blowing in furnaces as used at the lylgar Thomson 
Works. 
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“In placing the wood in the furnace the practice is to supp< »rt 
on posts a platform about two feet al)()ve the tuyere arch, and 
under the l)Ottom of each ])ost to place a piece of fire-brick, on 
which is a sheet of thick avsbestos. 'J'he wood is put on in the 
morning, the tiring being stopped the evening before, so that 
the brick work will l)e partially cooled. After the skeleton part^ 
of the scaffold are in, a charge of coke is made, sufficient to fill 
the hearth up to the bottom of the cinder-notch opening, t hi 
the platform planks are placed sufticiently close to prevent the 
cord wood from falling through. Above the platform three 
lengths of cord wood (hard wood is preferred ) are placed on 
end, with a cribbing in the center to allow space for the work- 
men to pass up the wood. ( )n top of the wood a blank chargt^ 
of 250 barrows of coke is put in. W'ith this coke there is charged 
sufficient limestone to Hux the ash, and in addition a few barrows 
of spiegel-eisen or ferro-manganese slag. The regular charges 
consist of 12 barrows of coke, 12 barrows of ore and f) barrows 
of limestone. Tht weight of a harrow of coke is 830 pounds. 
To the first few charges an extra barrow of slag is often added. 
The space between the scaffold above and tlie bed of coke beneath 
is then filled with kindling wood, and the furnace is ready for 
lighting. In addition to lighting the wood at the cinder-notch, 
red-hot ])ars are thrust in at each tuyere to start the combustion 
uniformly. When the scalTold has burned away, allowing the 
stock to settle gently, and bringing hot coke or charcoal in front 
of all the tuyeres, the blast is put on. d'he time from lighting to 
turning on the blast varies from six to ten hours. 1'he blast is 
put on slowly at first, and increased hourly until the volume of 
air is one-half the normal ([uantity, at which point it is lield 
until the first cast of iron is made. In order to avoid ex|dosions. 
which fre(|uently hai)])en at the .start, the valves in the boiler and 
stove gas mains are closed, and all the gas is allowed to escape 
until after the first cast is made.’^ 

Burdening the rumace.---The furnace burden consists of a 
number of charges, each charge iu turn consisting of weighed 
amounts of fuel, ore and flux. The charging is ])raclically con^ 
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tiiiiious, except in case of accident or other interruption, until 
the furnace is ‘1)lo\vn out." The term “(lampinjj^ down" means 
the shutting off of the air from tlie furnace and filling it with 
coke, a scheme that is resorted to when the process has to ])e 
suspended for a few days. The furnace tire may he held for 
a considerable length of time in this way. 

The mixtures for Idast furnace charges can easily lie calcu- 
lated from the compositions of the materials to he used. Sup- 
])Ose, for exam])le, that a furnace is to be Imrdened for the re- 
duction of 1 , 000, OCX) ])ounds of iron in a day of 24 hours, and 
that the daily burden is to consist of loo cliarges. hhich charge 
must then contain io.ckk) pounds of iron. Intrtlier, suppose that 
the conditions reciuire a ])ound of coke for each ])ound of iron 
reduced, and that the analyses of the coke, ore and stone are as 
follows : 



l«c 

Mu 

Sit 4 

Ab.O;, 

Cm ) 

mko 


I’cr cctit. 

IVt cent. 

Per cent. 

IVr cent 

l*cr c« lit. 

l‘<*i cent. 

Coke 

1. 00 

0.(K> 

4.00 

2.tK) 

0.00 

0.00 

Stone 

... t).50 

0.00 

5 .tK) 

(>.50 

5t».e<> 

1. 00 

( )re No. I 

• • 45 -‘«' 

I.< Kl 

18.U0 

2 .UO 

t ). 5t ) 

o. 5 ( > 

Ore No. 2 

... 55.011 

u.ya 

S.tKi 

3.00 

i.t«) 

0.50 

Ore No, 3 

. . . 58.<x> 

t.1.40 

3.00 

1 .00 

0.(H) 

0.tK> 

Ore average • • 53.60 

0.70 

9.00 

2.40 

0.70 

0.40 

The average 

composition of tlie ores 

is ])ased upon 

a mixture 

of the three in 

which one 

])art of No. I, 

tliree 

parts of 

No. 2 and 


one part of No. 3 is used, 'riie com])osilion of the charge is 
then computed upon this average and the sejiarate analyses of the 
other materials. 

stock IbH. I'c IbH. Mu IIh. SiOjj IUh, AljfO.j Urn. ChO Um. Mj^O lbs. 


Coke U),iKx> 100 ...... ...... 

Ore mixture 18, 47^) 9,900 129.29 1,662.30 443.28 129.29 73. 88 

vStone 5,963 30 298.15 29. 82 2,981.50 59.63 

Totals 34,438 10,030 129.29 2,360 45 673.10 3, lit*. 79 133.51 


The 10,000 iiounds of coke in the charge yields hh) pounds of 
iron, leaving 9,900 pounds to he supplied by the ore. v^inee 
the mixture of ores yields 0.53(1 pound of iron for each pound 
of ore, the amount of the mixture re((uired is 9 ,<i(K) 4 0.53b 
= T<S,47o pounds. 

The weights of silica and liases in the coke and ore are now 
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computed and the deduction made for self-flux. Usin«^ the ratios 
given on p. 119, the weight of silica which i pound each -of 
the leases will flux is found by the following i)roportions : 

2Al20;{ : 3SiOo : : i : x 0.8823 pound SiO.j 

2CaO : SiOy : : I : X - 0.5357 pound SiOo 

2MgO : SiCy : : r : X ~ 0.7500 pound vSiO^ 

Mnlti])lying the weights of the bases by these factors the total 
silica is found to be — 

By AbO.j, 643.28 X 0.SB23 . : - 567-57 pounds vSiC)., 

By CaO, 129.29 X 0.5357 69.26 pounds SiO^ 

By MgO, 73. 8S X 0.75 55-41 pounds vSi( >.^ 

Total 692.24 pounds vSiO.^ 

The weight of silica tliat remains to be fluxed by the stone is 
-2,062.30 — 692.24 = 1,370.06 i)ounds. 

I'he fluxing power of the stone is found by subtracting the 
silica in r pound from the total amount of silica that would be 
satisfied by the bases in i pound of the stone — 

By A 1 .^ 0 ;j, 0.005 X <->.8823 - 0.00441 pound SiO.^ 

By CaO, 0.50 X ^>*5357 0.26785 pound SiO.^ 

By MgO, 0.0 1 X 0.7$ 0.00750 pound SiO., 

0.27976 

SiO.j present o.c)5<kh) pound SiO., 

Fluxing power 0.22976 pound SiO.,, 

I'he amount of stone needed is found by dividing Ibis factor 
into the weight of silica to be fluxed— 

1,370.06 1 0.22976 5,963. 

These calculations arc simplified l)y using tlie .slide-rule, j)ro- 
])()sed ])y Jenkins.’ As in mo.st other metallurgical i)rocesses, 
more has been learned al)out burdening blast furnaces from prac- 
tice Ilian from theoretical reasoning, d'here are times when the 
furnace liecomes irregular in its working, and the burden must 
l)e changed to suit the conditions. At .sucli critical times tlie 
remedies lie entirely with the judgment of the manager. 

The Fuels and Fluxes of the Blast Furnace Process.—ITc quan- 
tity of fuel used in the Iilast furnace is generally referred to the 
^ Jour. Iron and Steel Inst,, 1891, 1, 151. 
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quantity of iron produced. I'or coke turnaces tin* consuniptiun 
varies from i,(>oo to 3 ,()(h> poumis jkt tt»n of iro!i, depending 
upon the j)urily of the raw materials, the imniitlity of the blast 
and the general efliciency of the plant. It is desiiaahle to carry 
as little coke as |)ossihle in the burden, not only for economic 
reasons, but also for the sake of int roduciuji^ the least amount 
of impurities into the iron. C'oke is ^Hmerally superior to most 
other fuels, thou^^'h the sulphur and phosphorus it contains are 
often serious defects. 'Pile linn, hard varieties of coke are al- 
ways preferred, since they sustain tiie weight of the burden and 
keel) pas.sa^-es open for the circulation of jLjast‘s. The coke and 
iron industries are indis])ens<able to t*ach other and are often 
controlled by the same interests. 'I'lie renmteness of some of the 
great ore deposits in the Tnited Stales from the supply of coke 
has l)een a hindrance to the growth of the iron imlustry, though 
it is largely responsible for the womlerftd transportation faeili- 
ties which now exist. 

Charcoal is still used in some lieavily wooded loi'alities where 
coal does not abound, as in the l.ake Superior district. The fuel 
consumption is lower in charcoal than in coke furnaces. A 
record given by J. C. h'ord of a furnace in Miidugan shows an 
average consumption of about ]>omu|s to a ton of iron 

made.’ Charcoal iron is pri/.ed for its purity, though it is not 
made to comi)etc with ordinary i)ig. 

Anthracite, though once extensively used in Ivistern rinnsyb 
vania, has l)een practically discarded as a blast furnace fuel. The 
old Lock Ridge furnace at Alhurlis, I ’a., property of the Tlioinas 
Iron Company, is now the only anthraeile ftmace in blast. An- 
thracite is inferior to coke on account of its dense slructure ami 
its tendency to split and crumble in the furnace. 

The attempt has l)een made to substitute gas fur solid fuel in 
the l)last furnace, hut without success. 

Raw limestone, in conjunction with alumina, lias been ftmmi 
to he the most satisfactory Hux in the blast furnace. The fuel 
consumption may he lessened l)y using eaustii* lime or burnt 

’ Jt)ur. IT. vS. Assoc, of Clinrconl Iron Workers, 8, J74. 



limestone, ])Ut when the fuel used in burning the limestone and 
the extra labor are taken into account, there is very little if any 
economy. In the low hhi^lish furnaces, smelting* poor ores, there 
seem to l)e some advantages gained in the use of lime.' 

Magnesian limestone and dolomite are not uncommonly used. 
The prevalence of this cliaracter of stone in the Lehigh Valley 
accounts for its usage in that section. h\ hhrmstone has shown 
some results of liis experience with magnesian stone. I le favors 
its use, if the alumina is kept low (l)elow lo per cent.), having 
found that tlie slag is more fluid and tliat less sulphur passes 
into the iron.^ 

Management of the Blast.— 'Phc working of a l)last furnace 
depends no more upon the manner in which it is burdened than 
it does upon the management of the blast. The efliciency of the 
accessory ap])aratus is proved by the conditioti of the blast in 
its four phases—temperature, pres.sure, volume and humidity. 

Tcmperatiir(\--Thc construction and management of the stove 
are explained on p]). 131-134. I'our stoves are generally built 
with one furnace, the use of tins number allowing three hours 
for heating the brick work, if the blast is ke|)t on eacli for one 
hour. Some blowers prefer to use two stoves at once for heat™ 
ing the blast, one having been put on half an hour before the 
other. This of course involves the chatiging of stoves every half 
hour, since the blast is to be kept on no stove longer than an 
hour, but a more uniform temperature may be maintained by 
this method of heating. It is the aim not only to return all the 
heat possilile to the furnace, but also to keep the temperature 
of the l)last as nearly uniform as possible. By etiualirJng tlie 
temperature of the blast there will be less irregularity in the 
working of the furnace, K([uali2:ation may l)e accomi)Hshed by 
carefully admitting air from the cold blast to the hot blast main 
ju.st at the time tlic stoves are changed, and gradually shutting 
off this air as the stove cools down. Another advantage may be 
gained l)y this practice from the fact that there is always a re^ 

* Jour. Iron and Steel Inst,, 1H94, 2, 3K.57, and 1H98, 1, 69-B8. 

^ Trans. Amer. Inst, of Min. Eng., 24 , 498. 
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serve of heat in the stoves which can be drawn upon in case of 
an emergency by shutting oS the cold air entirely. 

The temperature of the blast is generally taken just before 
it enters the bustle-pipe. The continuous recording pyrometer 



Fig. 47. 


has largely displaced the older forms, from which only periodic 
readings can be obtained. The average temperature carried in 
the blast does not much exceed 750° C. at any furnace. 

The pyrometer records here shown (Figs. 45, 46 and 47) 
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represent actual practice. 'I'he first one shows regular heatin^^ 
of the stoves, the temperature bein^ taken from the hot l)lasi 
main. The sudden rise and regular fall of the recording pen 
shows that the stoves were changed at the end of every hour, 
but that no attempt was made to etpialize the temperature. At 
the time of the second record, however, the temperature was 
leveled in the way al)ove described. The third record shows ir- 
regular heating, due to the condition of the gas. 

The above method of leveling the blast temperature re((uires 
considerable skill and vigilance on the part of the blower, and it 
. has not proved entirely satisfactory. Several f^nis of regen- 
erative apparatus known as “equalizers'' have b^fl||)r()posed, but 
their adoption does not as yet seem probable. 4 I 

Prm/nr.— Increased ])res.sure gives the bla.sl; ]^*eater pene- 
trating power, facilitating more rapid combustBfi Aand conse- 
quently more rapid reduction an<l fusion. d'he|e ^^re^serioi« 
difficulties in the way of increasing the blast pres|ui 4 b<^(^nd 
certain limit, since it wouhl cau.se more <lust to be carrid^ oW*r 
with the gases, and would reiiuire additional blowui;|^ fH)wer an<l 
better construction throughout tlie entire system iq .whiclt^'^the 
pressure is to be withstood. 'I'he pressure at dilTeixHvt furitlsces 
.varies from 8 to 1$ pounds, h'urnaces in the Pittsln^rg alist^ct 
not uncommonly carry 15 pounds, and some have beei^ ihad^io 
carry 20 pounds and more. :t % 

Fe/wwc.— d'he rate at which the furnace works is lafgdiy de- 
termined by the volume of the blast, d'his in turn is nnetl 

by the rate at which the blowing engines arc driven ^^^^dhe 
capacity of the air cylinders. In practice the rate at wh^&he 
engines are driven, /. r., the number of revolutions the 
makes per minute, is recorded as expressing the volume tj^Sie 
■ blast at atmospheric pressure. This does not take into account 
any loss sustained through the working of the intake valves and 
leaking of the fittings. Large furnaces take uiiwards of 5 o,(Kki 
cubic feet of air per minute. 

Humidity,— Tht effect of moisture in the l)last iqion the work- 
ing of a furnace has long been a subject of discussion among 
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inctallur^nsts. Attention was called to the subject at a meeiln<^^ 
of British iron masters by Josei)h Dawson in i8(k>.‘ it has l)eeu 
observed that furnaces work better in dry than in wet weather 
and that their condition is apt to be better in the winter months, 
when the humidity of the atmos]>here is relatively low, than at 
other seasons. 1'akin^ the average amount of moisture in the 
air as 3 grains, it is seen that in a furnace takiiij^^^ 24()(),()(H) cubic 
feet of air per hour, in the same time 123 gallons of water must 
!»e decomposed. The effect of this would perhai)S not be notice- 
able if it were not for the fact that the decomposition must take 
])lace in the bosh or melting zone of the furnace, any cooling of 
which has the mo.st marked effect upon the working of the fur- 
nace. The irregularities caused by changes in the moisture in the 
air are well known to all furnace managers. 

Some appliance for drying the air before it is used in the fur- 
nace has been advocated from time to time, but oidy recently the 
problem seems to have been successfully solved. A process look- 
ing to the partial or ultimate de.siccation of air on the large scale 
has l)een worked <mt under the directions of James ( layley.* Mr. 
Diayley’s llrst experiments along this line were conducted at the 
IvUcy furnace, in Bittsburgh, and the drst complete air drying 
apparatus was ])Ul into operation in connection with one of the 
furnaces at Etna, near lhtt.sburgh. ^Phe method, as there used, 
consists in freezing the moisture. B>efore it enters tlu* cylinders of 
the blowing engine tlie air is led through a huge refrigerator -a 
large chamber almost fdled with the cooling pipes, d'hese l>ipes 
are cooled by means of ammonia and they expose a large surface 
area to the air. 'fhe moisture is deposited U|)on these as frost, 
winch is removed after it lias accumulated sufficiently by letting 
steam into the pipes, d'he results gained after using the dried 
blast in the above furnace from August 25th to Septemlier 9th 
were made public in ( K'tober of 'Phese .show an increase of 

25 jier cent, in the oulput after the aiiplication of the dry blast, 
with 20 ])er cent, decrease in tlie con.sumption of coke. These 

’ Reprint of Dawson’s paper in Jonr. Iron and Steel Inst., 1907, 2, 221, 
For description and illnstrution of Mr. Cayley’s invention, see Trans. 
Ainer. Inst. Min. Eng., 35 , 746. vSnpplementary Paper, Ibid., 36 , 315. 
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ligiircs were a ^reat surprise to inetalluri^ists both in this eonntry 
aiul abroad. I<ater records, coverin|4' longer [leriods of time and 
including the winter nionlhs, sliow j^^ains of from lo t(» Jo per 




cent, in the jiroduct and an economy of lo to M) per cent, in llie 
con.sumiition of coke by the use of the dry blast. 

Fig. 48 is a sectional elevation of tlie two-stage, reversible 
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(Iryin*^^ chainhcr (^f the (»ayley process. 'Phe structure is a rec- 
taiif^ular, steel ]>lale shell, insulated to maintain the low internal 
temperature, and re-enforced to resist the pulsations of pressure 
caused by the blowing* apparatus. 'I'he chamber is divided by 
wooden partitions into tliree compartments as slnnvn, Nos. i 
and J containinjL^* each three banks of ])ipe coil throuj^ii which 
l)rine is circulated. In the mi<ldle compartment are f>[alleries 
and a ladderway, t>['ivin|4 access to all parts of the chamber, 
d'he air is cooled in two stag’es by spray in^^^ it with cold water in 
one compartment, and then brinj^in^ it in contact with tlie cold 
brine pipes in the other compartment. In order to prevent the 
cl<\ef|L(in^^ of the air [)assaj^es l)y the accumulation of frost on the 
brine pipes and to keej) the entire plant workin^^ the courses of 
the air. brine and water are alternately reversed l)etween the 
two com])artments. d'hc course of the air is controlled by 
means of the valve system, which is divided by tlie partitions, 
h\ into three <louble-beat valves. Between the seats of each 
valve is an inlet ])ipe, and in ad<lition, each valve controls two 
outlet ]>ii)es, one above its U])per seat and one below its lower 
seat. The three valves are simultaneously cliang'ed to their upper 
or lower seats l)y the movement of a vertical stem to which all 
are attached. The movement of the stem is effected by means 
of a rope and pulleys and a wince at the |i>;’round level. 1 'he 
valves, as shown in the drawing, are lifted, admitting the air at 
('i from an auxiliary fan, and allowini^ it to pass through IIIJ 
into com])artmeivt No. i. In ])assin^ tipward amon|^ the ])i])es 
tlie air is <[uickly cooled by a shower of water, which is distri- 
buted over the coils by the perforated \n\KU C. d'he water col- 
lects in the concrete basin under the coils, and is returned io the 
coolers and again pum])ed into the tank, B. The air passes from 
the top of com])artment No. i through the outlet, K; is com 
ducted to tlie multiiile valve at B, and by way of the opening, M, 
it enters the pipe, N, and is conducted to the bottcan of com- 
])artment No. 2. Entering at A, the rising cohmm of air comes 
in contact with the hrinmcooled pipes ; is di.scharged through 
the outlet, O; enters the multiple valve at P, and by way of 
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Q and R is conducted to the blowing engines. TIk* course of 
the air is reversed when the valves of Ihe system, le, are seated. 
Entering" at (h the air passes through S and N to c()in])arlment 
No. J into which the water has now l)een turned, the brine cir» 
dilation having been stopped and started in the otiier compart- 
ment, Rassing through () and R, the air is discharged from 
the multiple valve through entering compartment No. r 
through 1 and J, d'he air is returned to the multiple valve 
through K and L, and is discharge^d to the blowing engines 
through V and R. 'Phe brine is cooled by means of ammonia. 
It is supplied to the coils through the inlets, \\ and is discharged 
through the outlets, \V, and returned to tlie cooler. 

About eSc) j)cr cent, of the drying by this process is efTected 
in the water compartment. "Phis means a considerable saving 
in jxjwer, since the temperature employed is much higher than 
that in the Inane .system, averaging alxmt 4'** C. 'Phe capacity of 
tlie above plant is 3o,(xx) cubic feet of air i>er minute. 

Casting.— From the position of the tap-hole ( I'ig. 3b) it is 
seen that all the iron is never tapped from the furnace, a residue 
being left for the protection of the hearth and to prevent chilling. 
Tlui iron does not run continuously. 1ml is tapped at regular in- 
tervals, usually from four to six hours apart. "Phe tap-hole is 
kept closed with clay or a mixture of clay and coke, wliich has 
been rammed in tightly to prevent the iron from breaking out. 
"Phe clay bakes into a hard mass, which has to he drilled through 
when the furnace is to be lapped. After the drill has reached 
the softer interi(X- a bar is driven through and the iron flows 
out when this is withdrawn. 'Pile iron is received first in a troiigli 
( Fig. 4()) alxmt iK feet long, 22 inches wide at the to]) and 15 
inches dee|), and sloping slightly from tlie furnace, b'or a dis- 
tance of alxmt 12 feet from the furnace the trough is iiermanenl, 
consi.sting of heavy castings, protected with .sand. At tlie lower 
end of the trough is a dam, I), and the .skimmer, vS, is placed a 
few inches above this as shown. 'Phe iron, which is at first free 
from slag, flows from the dam, and .sexm rises to the level of the 
skimmer. Since the .slag floats on the surface of the iron it is 
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over, sand is thrown above the skimmer, and pressed down, am 
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led traverses the middle of the l)ed, and tributary channels lead 
the iron to the pig molds on. either side. The lowest set of molds 
having* been lilled, the iron is turned into the other sets suc- 
cessively l)y placing dams at the points 2, 3, 4, etc., and cutting 
out the side of the main channel. After cooling the pigs with 
water they are broken from the ""sows’’ by means of sledge 
hammers and taken out. 'ihe sows also arc broken into lengths 
which can be handled. 

Ihg machines arc used at the large plants, thus dispensing 
with labiirers in the casting shed. In the type of machine 
now in general use the molds are of steel, and are carried on an 
endless belt which is sknvly revolved over sprockets as the iron 
is poured in from a ladle, d'hc iron is cooled by water, and is 
solid by the time it passes over the sprocket from which it falls 
to the ground or into railway cars. 

Disposal and Use of the Slag.— The cinder-notch, or tap-hole 
for the slag is placed about 4 feet higher than the iron-notch, and 
at some distance around the furnace from it. The opening is 
through a water-cooled, bronze plate, and it is closed by means 
of an iron i)lug. The slag is tapped as often as is necessary to 
kee]) it well below the tuyere line. It is run into iron ladles, 
which are mounted on railway trucks, and are provided with the 
necessary mechanism for tilting them down on side when the 
slag is to be dumped. 

( )f the enormous cpiantity of blast furnace slag now produced 
yearly, the larger ];)arl goes to waste. It is being used, however, 
for road beds, and several railway comj)anies have adoi)ted it as 
a standard l)allast. A very good ([uality of cement is now man- 
ufactured from slag. 

Mineral wool is i)repared by blowing a jet of steam through 
molten slag. As the steam escapes it carries out glol)ules of slag 
to which are attached thin fibers or filaments. The material is 
drawn by suction through an iron pipe which is bent twice at 
right angles and exhausts into a large wire gauze enclo.sure. The 
turns in the pipe serve to bx*eak off the heads from the filaments, 
the former passing through the meshes of the gauze and the latter 
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being detained. Mineral wool is used as an insulating, non-in- 
flammable packing. 

The slag is granulated for various purposes l)y allowing it to 
fall into water. 

Disposal of Flue Dust. — This has long l)een a dillicult pro])leni 
and one that has become more serious with the increased 
amount of dust produced in smelting fine ores. Operating ne- 
cessities have forced smelters to separate the dust from the gas, 
and economic considerations demand its use, since it really is a 
valuable by-product. The best methods for utilizing flue dust yet 
devised are those in which it is converted into lump form by 
sintering or briquetting. It is then in pro{)er shape to go back 
into the furnace. 

Thermal Eequirements and Economy of Fuel in the Blast Fur- 
nace Process — The chief improvements in blast furnace practice 
have been in the way of increasing the output and lessening the 
fuel consumption. Until the year 1880 no furnace had been built 
to make more than 100 tons of iron in a day, even with the rich- 
est ores, and an average of about 3,000 pounds of coke per ton of 
iron was considered good practice. T'he output has now been 
increased in many plants to 600 tons per day, and a number of 
furnaces have made runs of more than 800 tons of iron in a day, 
with the ratio of 1,900 pounds of coke to the ton of iron pro- 
duced. These economies have been attained by better manage- 
ment of the hot blast with the use of improved heating a])para- 
tus; rapid driving, which has been made possil)Ie by altering 
the shape of the furnace and increasing the pressure and volume 
of the blast, and finally by drying the blast. 

In connection with the disbursement of heat in the blast fur- 
nace it may be interestirig to note the requirements from a |)urely 
theoretical standpoint. Of the total amount of heat evolvecl by 
the combustion of the fuel, one portion is absorbed in 1)ringing 
about the reduction and the fusion of the metal and slag ; a second 
portion is lost to the process, being rei)resented l)y the gas that is 
burned outside of the stoves, and a third portion is lost altogether 
through radiation and leakage. The amount of heat re])resented 
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in the first portion may be calculated from the composition of the 
charge, and that in the second portion may be calculated from the 
composition and volume of the gas. 'I'he amount of heat wasted 
can not l)e calculated at all with any degree of accuracy. 

'fhe calculations of Lothian Bell for the amount of heat re- 
([uired for smelting iron in the Cleveland district, England, may 
be studied with profit.^ The example l)elow is given to show how 
the heat units usefully applied may be calculated, 'fhe assumed 
conditions are that the iron is reduced from dry, hematite ore; 
that the ratio of iron to slag is 2 to 1.3, and that the iron has the 
following com])Osition : 


Iron Manganese 

Silicon 

riiosphonirt 

Carbon 

93 

2 

1-5 

0. 1 

3*4 

'fhe heat units 

absorbed in smeltin 

g a ton of 

iron are found 

as follows: 

WeiKia of 
materials 
and clianK<?s 
wroujjfhL 


Calories 
required 
per unit 
weij^lu 

Calories 

total 

Iron reduced 

1,860 

V’ 

r , 780 

3,310.800 

Manganese reduced • 

40 


2,290 

91,600 

Silicon reduced 

30 


6,414 

192,420 

Phosphorus reduced • 

2 


6.747 

If, 494 

Carl)on absorbed 

68 


.S,o 8 o 

549,440 

Metal fused 

2,000 


2«.6- 

570,000 

Slag fused 

— i, 3 <^<> 


5(0* 

650,000 


5.375,754 

'faking the average consumption of carbon as 1,750 pounds i)er 
ton of iron smelted, the heat units found in the a])ove calculation 
re])resent 3<S per cent, of the total heat derivable from the fuel. 
‘ Principles of tlie Manufacture of Iron and Steel,” p. 95 . 

‘ (xredPs estimate. 
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CAST mON 

C\'isl iron is, ^encnilly spcakin.ij^, iron saturated with ear])on, 
ainl containin.ij; other impurities in varyinj^^ peivenlaj^es aeeordinj^' 
to the eonditions of manufaeturo. 1 h'aetieally, it represents all 
the iron made in blast furnaces, which has not been submitted to 
a refining* ])roccss other than remeltiu)^^ or annealin^^ 

Properties and Uses, d'he main properties to which cast iron 
owes its wide ap])lications are its low fusibility, and the ease with 
which it can he molded into the shapes desired. In tnost other 
properties it is inferior to the other forms of irtni, the tenacity, 
elasticity and malleal)ility hein^ very low, and it can not he fori»;ed 
or welded, The crushin^^ strenjj^th is, however, greatest of all 
ordinary forms of metal, d'he cooling of iluid cast iroit is at- 
tended, lirst I)y a slight expansion, hut following this there is a 
contraction bringing the metal into smaller s])ace than was orig- 
inally occu])icd. 

In making a casting a mold is lirst prepared, the interior of 
which hears the shape of tlie casting. 'Phe molten iron is poured 
in, and on ex])anding it is forced into every part of the space and 
repianhices the shape. 'Phe contraction or shrinkage follows, 
making the casting smaller than the pattern. C'avities are often 
formed in castings, and are known as holes,'* 

according to their origin. Piping in castings is due to shriiikage. 
d1u‘ metal coming in contact witlt the sitles of the mold, forms 
a solid slicll, while the interior of the mass is still litptid. Solid 
ideation now proceeds in lines perpendicular tu tlic planes erf the 
surfaces, broadly si)eakitig. 'Phe outside being rigid, the con 
traction that takes place will result m the softer irtm cjf the in- 
terior being drawn toward the outside, leaving a cavity near the 
middle, dlic middle and upper portion of the casting is the last 
U> solidify, atul tliere may be enough fluid metid alxne ttr fill the 
cavity, producing a depre.ssioii in the to]) of the casting. Hkrw- 
holes are caused by dissolved gases. Tlie greater portion of tliesr 
gases ])asses out of solution during the cooling. This accmmi 
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lates in snuill ])u])])lcs, which gjilhcr into larger ones as they ])ass 
upward through the molten metal. While the metal is li([ui(l they 
escape, Init when the crust forms the bubl)les are arrested, and 
they now accumulate and form cavities in the softest portions of 
the viscid mass. 'I'he prevention of those defects in castings will 
1)0 studied iii connection with steel casting. 

(jradiiuf . — Ivike all other forms of iron the properties of cast 
iron de])end principally upon its com|)osition. It genendly con- 
tains the elements, carbon, silicon, sulphur, ph()S|)horus and man- 
ganese, which in their varying pro])ortions to the iron, and to 
each other, afford the possibility of numerous varieties or grades, 
differing in properties. Tn the manufacture of castings for var- 
ious pur])oses these different grades of iro^' are used. A great 
many manufacturers l)a.se their selection of ])ig iron for castings 
largely ui)on the apt)earance of the fracture, which is to a certain 
extent, an index to the com{)()sition and properties. 'Phis relates 
specially to carbon and silicon. 

The analyses and properties of several commercial grades of 
pig iron have been given l)y J. M, Hartman,^ as follows: 


( rra<le 

I 

2 

3 

•1 

5 

6 

Iron 

• 92 .. ^7 

92.31 

94 66 


94.0S 

94.68 

Graphitic carbon . . . . 

- 3 -.S 2 

2.99 

2.50 

2.02 

2.02 


Combined carbon . . . 

• ‘>*13 

^>•37 

1.52 

1. 98 

1*^13 

2.83 

vSilicon 

. 2 44 

2.52 

0.72 

0.56 

0.92 

0.41 

Phosphorus 

• r.25 

I . oS 

0 26 

0. 19 

0.04 

0.02 

vSiil])hur 

. 0.<)2 

0 02 

— 

0.08 

0.04 

0.02 

Manganc.se 

. 0.28 

0.72 

<>. 3 ‘I 

0.67 

2.02 

0.98 

K /.* -"(*ray, with a 

. lui-jTC, 

dark, 

o])en-grain 

fnicture; softest 


of all the numbers, and used exclusively in the foundry- ^Pensile 
strength and elastic limit very low. 

No. J.-C,rdy, with a mixed large and dark grain; tensile 
strength, elastic limit and hardness greater tlian No. 1, and the 
fracture smoother. Used exclusively in tlie foundry. 

No. y.— Uray, with a .small close grain ; tenacity, elasticity and 
hardness superior to No. 2 , though more brittle. Used either in 
the rolling mill or the foundry. 

* Jour. Frank. Inst,, 134 , 132-144. 
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-W’hite ])ackjL!fnnin(l, dotted closely with small spots (»f 
^n^ajihite (mottled iron), and little or no j^rain to the fracture. 
'Tenacity and elasticity lower than No. 3, hut hardness and brit- 
tleness increased. Iksed exclusively in the rollin^^* mill. 

A'o. 5. White, witli smooth ^rainless fracture: tenacity and 
elasticity imich lower than No. 4, and still harder and more brit- 
tle. Used exclusively in the rollinjif mill. 

X(K 6 . Ilarde.st, white iron. 

The 14‘eneral effects of the common elements in cast iron may 
he summed up as follows: Carbon, in the combined form, im- 
parts strenj.jth and hardness, excessive amounts causinjjf brittle- 
ness. It lowers the meltin|if i)oint and i>roduces a lijithl, ji^n-anular 
fracture. Silicon lowers the melting ])oint and renders molten 
cast iron more fluid. It acts as a “.softener'' in white cast iron, 
in which it causes the precii)itation of gra])hitc. Ili^h ]>ercent» 
afj^es of silicon cause brittleness and weakness. Silicon com 
tluces soundness and to a lar^ice extent prevents the formation of 
blow-holes in castings. vSilicon irons have cliaracteristic. crystal- 
line fractures. Sulplutr is generally very objectionable in cast 
iron, since it causes brittleness and general weakness. As much 
as 0.25 per cent, is usually allowable. Phosphorus in large pro- 
portions develops extreme brittleness and weakness. 'The shrink- 
age of cast iron during cooling is considerably lessened, and it 
remains thud longer if much phosphorus is present, (ireater 
smoothness may be brought about on the surface castings by 
the use of phosphorus. d1ie range of ]>hospliorus in ordinary 
cast iron is from 0,05 to [.5 per cent. Manganese, in the mnanal 
proportions, of 0.2 to i per cent., is heneficial in east iron, in- 
creasing its liardness and density and .suppressing the formalioji 
of hlow-holes. Ivxccssive amounts of manganese develop brittle- 
ness. It should ])e borne in mind that mme of the pn»perties of 
cast iron are affected entirely by a single element. Hiey may lie 
influenced by the like or counter efTects of two or more elements. 

IRON FOUNDING 

The art of casting iron into molds jiroliably tlates from tlie 
middle of the 15th century. It was about tin's time tliat the 
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process of siuelting had been so far tleveloped iti Europe that 
iron was recovered in the fused condition, Imt iron femndin^ 
had its |)rcciirsor in the ancient art of casting the precious metals, 
bronze and other alloys. iModern foundry practice is a repre- 
sentative industry in which science and engineering skill have 
been most vital factors. 

A complete foundry plant consists of a meltin^^ and pourin|>; 
shop; a pattern .shop, in which wooden patterns for the castini^^s 
are made, and a machine shop, in which the castings are finished. 
( )nly a brief description of the methods of meltin|j[ and castin^i^ 
falls within the scope of this book. 

Melting’.— Iron for casting's is most commonly melted in a 
cupola. This is a small, cylindrical blast furnace, l)uilt of steel 
])lates and lined with fire-brick. Fig. 51 represents a style of 
cu})ola in general use. It is provided with two working doors, 
laj)-holes for the iron and slag and a double row of tuyeres, to 
which the air is supplied by way of an annular blast box. 'fhe 
walls are contracted at the top, the shaft terminating in a stack. 
Suflicient explanation of the details are given in the figure. 

The cui)ola charge is made tip of alternate layers of iron and 
fuel, generally coke, with enough limestone added to flux the 
ash. The Idast is cold and at a pressure of but a few ounces. 
It is generally supplied by a fan or some kind of rotary blower. 
The ratio of coke to iron in the charge is (piite variable, this be- 
ing necessitated by dilTerences in the quality of the materials and 
the efliciency of the equipment. One part of coke to seven of 
iron is average cupola practice. It is desirable to keep the fuel 
consumption as low as pos.sible, for the sake of economy and to 
prevent, as far as possible, the further addition of impurities 
to the iron. The rate of melting depends upon the size of the 
cupola, the blast iiressure and the composition of the iron. 

The iron tapped from tlie cupola will not lie the same in com- 
position as the charge of pig iron. A part of the iron is oxidized 
before fusion takes place, and this takes some of tlie silicon 
with it into the slag. There is also a loss of manganese 
by oxidation, and the carbon may be largely changed from the 
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J>J.everberatory furnaces are used instead of cupolas in sonic 
foundries. Contamination from the fuel is thus avoided, and 
the entire charges being put in and tajiped alternately, the iron 
can ])e nii-\ed as desired and the composition controlled. The 
atmosphere of the furnace is made reducing liy regulating the 
suiiply of air and directing the flame downward on the metal, 
ddie fuel may lie either soft coal or gas. This way of melting 
iron is .slow and expensive, the fuel consumption lacing very high. 

Mixing Iron in the Foundry.— While it is true that the composi- 
tion of iron may vary considerably without apparent loss of 
strength, the licst castings are made from iron that is mixed to a 
definite composition, as the tests go to prove. The heavy strains 
to which castings are now often sulijected calls for the best that 
can be made, and these to lie the best must have the proper com- 
position, as well as the proper shaiies and thicknesses. It is not 
])ossible always to draw the supidy of iron of the composition de- 
sired from a single source. Most foundrymen keep several lirands 
in stock from which to make their mixtures. With the analysis 
furnished, the mixtures of the composition desired may be calcu- 
lated, due allowance being made for the losses during fusion. 

It not infrequently happens that the required amounts of sili- 
con and manganese can not be maintained in the charge, owing 
to the loss of these elements in the cupola. The deficiency may 
be restored by adding these substances in the form of rich alloys 
after the iron has been tapped (see p. 19^). As is well known, 
the very ingredients which give desirable proi)erties to a metal 
are most injurious when present in excessive amounts. If in 
making a mixture of pig iron, it is found that there is too mucli 
imi)urity, this may ])e corrected by melting relatively pure iron 
with it. Old material such as rails, l)oilers and machinery is cut 
in t)ieces that can be handled and sold as “scrap.’’ A c|uantity 
of such material may l)e judiciously used for tlie above ])uri)ose. 
I'he use of scrap is specially to ])e recommended with iron high 
in silicon. 

Casting.— From the melting furnace the iron is carried in 
ladles and poured into the molds. The ladles are usually made 
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of iron and of suoli .si/o as ran hr liandkal hy one or two inrii 
C'ranr.s arr rinpl(»yrd ft)r liftinj^' tlu‘ lari^c la<ilcs rr(|uircd fo 
hra\y wtn'k. Thr molds arr most roinmonly made of sand or : 
mixturr of sand and riav. Thrsr arr known as i^rrrn sand, dr^ 
samI, I(jam, rlr. Iron mohls arr nsrd tor sjKHnal work, and an 
I4'riu‘raliy rallrd rhills. 

(frrr// .V(///</ 'I'hrsr arr in most j!»rnrral nsr. Thry an 

thr rlira|K‘st to prrpaiax and arr snitahlr for makinj^’ a fi’rra 
\'arirl\ of rastiiijits. Tlir Irrm “iLtrrcai sand” dors not imph 
any s]>rrial romposition or ([uality, hut sim])iy mrans that tlr 
sand as usrtl is moist riumjL^h to rohrrr undrr slij^ht pressure 
d'lir physical jn’oprrlirs of moldin|Lj!; saml arr of great imj)ortanr(j 
Tlir sharp sands arr invfrrahlr, ami for ligiit work thr grain 
should hr llnr. d'hr sharp, coarse sands give greatest porosit^ 
and, generally, greatest prnnrahility to the passage of gases 
d'liis property is mx-essary in green sand casting, since steam i 
generated when the hot metal comes in coiUact with the mold 
ami wouhl enter the metal if easy passage throitgh the walls o 
the mold were not provide<l. just enough alumina should Is 
present to make the hond, since alumina causes shrinkage in tlr 
mass and diminishes porosity. < )ther ingredients in sand are re 
garded as ohjectionahle imjjurities. ddie sand from old molds i 
use<l tner again, hut through heating it has lost its cohesiv' 
property to a large degree ami should liave fresh saml mixed will 
it. In making a green sand mold a ]>attern in woimI is prepare< 
corresponding to the sha])e of the casting. Metal patterns an 
often use<l if a great mmther <if molds are to he ma<le fnan tlr 
same shape. The pattern is made larger than the casting oi 
account of the shrinking the iron.* 'Phe pattern is placed ii 
the proper ])osilion and sand is carefully packed around it. Ivx 
cept in case the casting is to he a very large one. the sand is heh 
in a portable frame or hox, made of iron or wotal and in section 
which can he removed to take out the pattern. Air vents an 
nci'essary in such parts of the mold as would he hhu'ked frciu 
communication with the mouth hy the inflowing metal; otherwis 
* Tlu* pallera maker uses n “ shrink rule,” which is ‘h inch longer tha; 
the ordinary foot ntle. 
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the expansive force of the air would destroy the mold. The 
part of the mold that projects inside to form the hollow of a 
castin.e^ is called the core. < )rdinary, <>^rccn sand may be used for 
making the cores, though often a ])urer sand with a special 
binding a|L,wnt is used. The core may be sii.spencled l>y wires or 
supported I)y a projection which forms a i)art of the mold 

bi^. 52 .shows the method of castinj^^ a rope wheel in sand, 
d'he upper hgure is a section of the mold, which is made in two 


A 




Fig. 5-s. 


j)ieces and held tc^gctlicr l)y insertinfjf dowels in the holes, hb. d'he 
middle lii^^ure is a section through the flask or molding box after 
the t>attern has been removed. In making up the mold llie pat- 
tern is iml)edded in the lower section of the box, parting sur^ 
faces being formed in the annular planes winch slo|)e frotn the 
juncture of the box sections, PP, to the edges of the peripheral 
grove on the wheel. Tlie upper section of the box is then ])lace<l 
in i)osition; blocks are set to form the pouring gate, (b and tlie. 
risers, RR, and the box is tamped full of sand. The upper sec« 
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lion is now liflrtl oil', rtH*ni\in.i^ llu* iiiipriiit of imv \u\v id l 
\v1kh‘1 and parlinj^i tlin saiul around the u|»|h*!. anindar plama T 
upper half of the patlern is tetno\et|, aiui afua replaein^ the t 
seelitJU trf the htrs, tin* wh«»Ie is in\iate*!. The lower seeiion 
then lifted off, and after reniovin|,t the cahet half of the patte 
and dressin|4 the surfaee of the inohl, tlie eore, i\ is set, and t 
tlask is put tof^etlun’ and plaeed in a le\el posit iiai. It is ohserv 
that the recesses into whieh the eore fits are formed hv tlu* h 
projiaiions, A A. on the pattern. The low ta most hi^nre shows l 
wheel after the .sink hea<ls havt* heiai tmaueil, 

Pry Siuul ;irc prepaiaal tiaan sand contaiinti|,t eiioir 

idav to hind it into a hard mass when hakeil. The ntolds may 
reinftjrctal hy imhedde<l nails or wires. Aftta’ iemo\in|jt the p: 
tern the mold is dried in an in en. \\ lua e spri ial care is tak 
the Miohis are taken apart ftn' inspection attd repair if tteedt 
and they may receive a coat of plnmha^.n» in special faein|4 sai 
C'astin^s made in tlry saml are generally of a hetter i|ua!ity th 
tla»se made in gretn sand ami. nf cintrsi*. they arc imn’i* i iistly. 

ijHUft, This is a clayey mi\tmc !«» uhiidt i*arhon is oft 
added, It cements much hetter than sand i!i»es when haked, ai 
it is used in mohls whost* walls must In* firm ami which will 11 
!>.* eroded hy the nnming imtal. It is tspeidally atiaplahlr 
the mtjiding of large, holhnv isastings, when the metal has 
travel some distance before rcaihing every pari of ilie imii 
They art* us d in tin* mamifaiiure <»f sewer pipes. The med 
are made hy hand with the aiil t>f s«nne maelhiterv. ami a 
usually far d with a tairlnmaecinis material. 

i'liilts. The eomlilions umler whieh gray iron is ehaitged 
white iron are reeoginzetl in tlu* manufaeinre of eliilleil eastini 
A ehilUal easting is made from gray iron, hut tlie outer pcirltcj 
or a, part of it. is rapidly eooled tc» a i'erlain depth, iiroducii 
white iron iu that portion. Tltis is accomplished hy Using mol 
made of east iron, whieh eotds the surface hy reason of its hij 
eonducting power. 

The scetion ( I'ig. 53) slnwvs the mefhotl of easting a rtill fra 
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the bottom, chill plates for the body of the roll and sand 

for the ends. 

The effect of the chill is shown by the sketch (Fi|>^. 54) in 
which tile ,e^rai)hite is represented by the i)en dashes, d'hc depth 


f 



of the cliill is determined somewhat I)y the composition of the 
iron. A deep chill is secured by using a mold with very thick 
walls. The uneven cooling of a roll sometimes causes internal 
stress sufficient to crack it. 



FiK. 

The chilling effect of the iron mold may lie olTset if the casting 
is removed from the mold while the interior is still molten, I'liis 
fact has lieen made use of in the manufacture of special, liigh 
grade castings.^ 

^ Elec. Chem. and Met. Incl,, VII, 35 
12 
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Malleable Castings,— By a special process of annealing, tough- 
ness and malleability may be developed to a remarkable degree 
in white cast iron. In this way casting's arc made to answer for 
forgings in many cases, the casting being cheaper to make. 1'he 
castings must, in the first place, he of the proper grade of iron. p 

The carbon must be almost or entirely in the combined form, 
and it should not fall below 1.50 per cent. I'he silicon should 
be below one per cent., the sulphur not over 0.025, phos- 

phorus under 0.25 per cent. 

The castings to be annealed are first cleaned of any adhering 
sand, and then carefully packed in iron boxes with hematite, iron 
scale or a slag rich in oxide of iron. The material should be 
fine but not powdered. 'Phe boxes tire made with removable 
bottoms. The tops are covered with an iron lid or liUetl with 
mud. \Vhen packed the boxes are j)laced in the annealing oven, 
which is heated by a direct flame. The temperature of the oven 
is maintained at about 700® C. for three days, or longer, depend” 
ing ui)on the size of the castings. Another day is recjuired for 
cooling the oven, it being essential that the cooling proceed slowly. 

The i)rincipal change that takes place in the annealing process | 

is the conversion of combined carbon into graphite. The graphite 
is not, however, of the form observed in gray cast iron, the flakes 
being very small and evenly distrilmted. About 20 per cent, of 
the carl)on is l)urnt out during the annealing, and some sulphur 
is eliminated. The iron oxide used in the annealing Ihix is 
partially reduced, some being entirely spent in each operation. 

The wasting away of the 1)qx furnishes good packing material, 
which is utilized. 

Testing Cast Iron.— With tlie increased knovvIe<lge of the prcjp> 
erties of cast iron and tlie relation of these properties \n its 
comi)osition, and with the higher duty that is recjuired of it in ^ 

the progress of manufactures, naturally, the methotls of testing I 

it have been improved. It is recognized that the properties of 
cast iron are directly dependent upon its composition. Ihaic- 
tically all the pig iron, that is made for foundry purposes, is 
graded by the smelter according to analysis, for he expects to 
sell his product in this way. 



But the analysis does not rev'cal all. In many instances more 
practical knowledge of the (quality of iron is gained from the 
mechanical test than could he interpreted from its composition. 
These tests are made, as far as possible, to imitate the stresses 
that will be i)ut upon the iron in actual service. 'Phe strains that 
are exerted during the testing are measured and recorded, d'hey 
are usually increased until the test-piece is broken, showing the 
ultimate resistance. 'Phe test is either made U[)on a finished cast- 
ing, which represents a number of other similar ones, or upon a 
specially prepared piece of convenient form. In either case the 
specimen is taken from the same lot of iron as the castings which 
it represents. Testing by the first method gives a direct value, 
while the latter method gives only the relatk’C value. 

'Phe tests most commonly applied to cast iron are two-^ 

transverse and impact. 

Transverse 7V.9/m(/.~'rhis shows the resistance of the metal 
to cross breaking. It represents a condition that is most common 
in actual service. It is conducted hy supporting the tcst”l)ar at 
l)Oth ends, and applying stress in the middle until it is broken. 

Impact Testing,— \W^ shows the resistance olTercd to shocks 
or blows. It is applied both directly and indirectly. When the 
material in question is .in the shape of castings from the same 
pattern, and .such that can he .submitted to tlui test, it is usually 
made directly. ( )therwise a test-i)iece of convenient size and 
shape is used. 'J'he test is applied hy allowing a hammer of 
definite weight to fall from a certain height, or if supported like 
a pendulum, to swing through a certain distance, and strike the 
iron. 'Phe distance of the fall is increased until ru]dure occurs. 

The standard test for car wheels adojited hy the American 
Society for 'Pesting Materials is as follows: 

“For each 103 wheels apparently acceptable, the insi^cctor will 
select three wheels for the test. ***** One of these wheels chosen 
for this iiurpose by the in.spector must he tested hy drop test as 
follows : 'Phe wheel must he placed flange downward on an anvil 
block weighing not less than 1,700 pounds, set on rul>1)lc masonry 
two feet deep having three supports not more than five inches 
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wide for the flange of the wheel to rest on. It must he struck 
centrally upon the huh by a weight of -hk) pounds, falling from a 
height of 12 feet. 'Fhe end of the falling weight must he flat, 
so as to strike fairly on the huh. ^ ^ ^ Should the \yheel stand 
without breaking in two or more pieces the one hundred wheels 
represented by it will he consi(lere<l satisfactory as to this test. 
Should it fail, the wlmle Inmdred will he rejected." 

In addition to the above tests for cast iron, tests of tension 
and compression are sometimes made. The tension test is chiefly 
used for iron made into steam or air cylinders. Compression 
tests arc rarely needed, since, ca.st iron is not often weak in this 
respect. The hardness is sometimes tested in iron that is to he 
machined. I'urner’s method of making tliis test is to determine 
the weight that must he brought to liear upon a standard diamond 
point to make it scratch ui)on the polished surface of the iron. 
Sec p. II. 
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WKOiraHT IKON 

Historical. — 'I'lic orijijin of wrought iron is not known. It is 
i:)rol)al)ly the form in which the metal was lirst jjrepared, tlionj'h 
the practice of hardenin';^ iron wdtli carl)on is also of unknown 
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origin. So far as there is any evidence, the primitive metltod for 
making wrought iron was to reduce it with wood direct from tlie 
ore in .small, rude furnaces. 'I'hc air sui)ply was furnished by 
natural draft, or hy means of rawhide Ijellows operated by liand 
— a process still used in Africa and India Iiy the savage tribes. 
Throughout civilized Europe, where the iron industry was really 
developed, various forms of forges were instituted, their product 
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box, as shown in the drawing. Small o|)cnings were inatlc in 
the pipe near the top for the admission of air. The air was 
drawn in through these openings i)y the suction, and passing 
with the water into the box it was there slightly com]>ressed. 
The air for the blast was drawn from the lop of the box, an<l 
the water was allowed to flow through an o])ening at the bottom. 
The trompe was built almost entirely of wood. The ore mixed 
with l)urning charcoal was reduced to spongy iron. 

The American bloomary is a more highly devel()])e(l ty]»e of 
forge. I'ig. 56 shows a bloomary half in section and half in 
elevation. The chief differences between this and the older 
forges are in the tall stack above the hearth and the arrattge- 
ment for heating the blast. 'Phe hearth is enclosed partly by 
brick work and ])artly by water-cooled, iroti blocks. I'he stack 
is built of brick and reenforced with iron. I'lie blast is led 
through pipes (commonly three), which are bent to lit in the 
stack as .shown. 'Phe bla.st may accjuire a temperature of 4tKp' 
C. or more. 'Phe blast is delivered to the hearth by a single 
tuyere. 1'he iron ore is reduced in contact with burning char- 
coal, the iron being removed from the hearth in the form (>f a 
s])ongy mass or bloom. It is ])o.ssihle, however, l)y increasing 
the temperature to make ca.st iron in the hloomary.‘ 

Imrnaces of the above ty])e have also l)een used in (lennauy 
and other parts of Europe. They mark the transition between 
the forge and the modern bla.st furnace. 

About the year 1784, Henry Cort invented the indirect or 
|)nddling process for making wrouglit iron from pig iron, 

Properties.— 'Phe l)etter grades of wrought iron represent the 
purest form of commercial iron. 'I'he properties, therefore, nujst 
nearly apj)roach those of j^ure iron. It is recognized by its tougli” 
ness, combined with softness, and especially by its fibrous frac- 
ture. The filaceous structure is develo])cd during tlic forging of 
the iron hy reason of intermingled shag. 

Wrought iron is the smith’s favorite, it lieing the easiest to 

’ The American blooinary n ilhistrnted, and the process fully de»cnbc<l 
hy T. Egleston in Trans, Amer. Inst. Min. Kng,, 8, 515. 



for^^c and weld. It is well adapted to the inanufaetnre of thin 
sheets, owin^^ to its lualleahility. it is said that wroii^'ht iron 
will not stand vibrations so well as inai eontaiinn|i( carbon. ‘ 

MANUFACTURE OF WROUGHT IRON 

As was pointed ont in the historical sketch, wrouj^dit iron inav 
))e prepared from the ore by a sinji'le operati<in, or from pi^^ iron 
by a refminji^ process. These are known a**' the direct and the indi- 
rect ])rocesses. The latter jn’ocess is more commonly termed 
piiddlin^^ Direct processes have been practically abandoned, and 
no further space will be j^iven to their description. It is worthy 
of mention in this connection, however, that pure iron and steel 
have been made directly from the ore in electric furnaces. 
Wdiether or not these experinumts have any commercial value 
remains to be ])roved. 

The Puddling Process. A great deal of importance is attached 
to the process about to be described, not .so much for its direct 

/I & 
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bearing on the metallurgy of iron, but because tlie principles in* 
volved arc essentially those underlying all iron refining processes. 
A study of the simple experiment, as outlined helow, will give 
the student the keynote to tlie theory of puddling. 

The sections A and H ( I'ig. 57) represuit the mulHes of a 
small, gaS“firc(l furnace. I'he atmosphere in these nmflles is 
oxidizing, and the temperature can lie raised almve the melting 
point of pig iron. In mtiflle A, i.s |daced a brick, and upon this 
is placed a piece of pig iron. In li another piece of pig iron is 
placed upon the bottom of the muffle, clay or saud being |)acked 
around the iiiece to form a himn as sltown. 1'he temperature 
of the muffles is now raised and kept just below tlie melting point 
of the iron. The surface of the soon liecomes coated with 
* Trans. Auier. Inst. Min. tCng. , 26 , 1036. 
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oxide of iron, d'he silicon is also oxidized, and coni])ines with 
the ferrous oxide fonnino- a fusible slaj:»” ( ferroxis silicate ). This 
runs away leavins^' the surface of the metal ex])t)se(l to further 
action. The carbon in the iron is converted into carhtju mom ox- 
ide, and then into carbon dioxide which escapes. 'Phe manj^anese 
is oxidized like the iron and ])a.s.ses into the sla^'. Now it is 
seen that if there is enouj^di silicon in the pi^‘ to combine with all 
the iron and form a fusible .sla^’ that will be the ultimate result 
of the experiment in nmOle A. 'Phe result in mutlle 11 will he 
different, since the slai>' covers the iron and protects it from fui*" 
ther oxidation. Jf when enoue^h sla^’ has formed, the tem])era- 
ture is rai.sed to melt the iron, the im])urities will be removed by 
the oxidizino- power of the slaf>'. d'he .sla|^ is min^'led with the metal 
so as to brin^ the imj)urities into contact with it. it must ob- 
viou.sly become richer in silica and ])oorer in ferrous oxide than 
the slag in A. The carbon in the iron has a reducing action with 
the ferrous oxide in the .slag. Hy virtue of this, the carbon is 
removed and the metallic content of the charge is increased. 
Since purification raises tlie melting ])oint of iron the metal in H 
is left in a plastic state. 

d'he essential difference between the above experiment and the 
])uddling process, is that in ])u<ldling most of tlie oxide is su])- 
])lied from another source and not derived from the iron. 

Dry Puddling.- 1'his name has been given to C'ortfs original 

l)rocess, liecausc no .slag forming substance was added with the 
metal charge. II is furnace was a .small reverberatory having a 
sand or silicious bottom. As would be expected, the hearth was 
l)adly fluxed with each lieat. It was considered necessary that 
the iron l)e low in silicon, v^uch iron does not become so fluid in 
the puddling furnace, and much less slag is formed. (Iray iron, 
high in silicon, was therefore su])jecled to a partial refitdng 
before puddling. The description given below of the refining 
process or “Running Out Ib're,’' is taken from Percy's MetaP 
lurgy. 

“'Phe refinery consi.sts e.s.senlially of a rectangular hearth, with 
three water tuyeres on each side inclining downwards. 'Plu' 



sides and back are formed of hollow iron-castin<jjs, called ‘water- 
blocks/ lhroii|>^h which wjiter is kept flowing, the front of a solid 
cast iron t)late containing a tap-hole, and the ])ottoin of saiul rest- 
ing on a solid t)latform of brick work. Coke is the fuel used 
with cold blast at a pressure of three i)ounds per s(|iiarc inch.” 

“The refinery l)eing in oj)eration, the folding doors at the back 
are oi)ened and coke is thrown in, the charge of about one Ion 
or one ton, two cwts. of i)ig iron is placed ni)on it and heaped 
over with coke, after which the blast is let on. d'he oi)eration is 
facilitated by the addition of 30 pounds of hainnier-slag or scale, 
d'he metal, which melts in about one and one-half hours, is then 
exposed to the action of the blast, whicli is strongly oxidizing, 
notwithstanding the sui)erincuml)ent layer of incandescent coke. 
A considerable quantity of cinder is formed, consisting for the 
most part of tril)asic silicate of protoxide of iron. In about two 
hours after charging, tapping occurs, the blowing usually lasting 
al)out one-half hour, dlie consumj)tion of coke is about four 
cwts. Cinder and the molten metal flow out together along the 
running-out-l)ed in front, the cinder, of course, forming the up- 
permost stratum. 'J'his bed being refrigerated, as previou.sly 
stated, the metal is speedily consolidated. Water is copiously 
thrown over the whole, while the accompanying cinder is still 
liquid, when the latter puffs up into l)eautiful little volcano-like 
craters; and it is curious to watch the molten cinder and water 
dancing, at it were, together . . . The water, which may l)e 

conveniently applied in a strong jet, promotes the separation of 
the cinder from the metal. 'Phe cinder is thrown aside to l)e 
either smelted or used for certain other purposes; and the metal, 
usually about three inches in thickness, is removed and broken up 
in pieces of the proi)er size for puddling. The metal is white 
cast iron.'^ 

Pig Boiling Process.— 'Phis is the modern puddling process. It 
takes its name from the fact that the 1)ath of metal and slag are 
very liquid at a certain stage, and the esca[)e of gases gives the 
l)oi]ing effect. The chief difference l)etween modern puddling 
and the older methods is in the use of a fettling of iron oxide on 
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The products of comlmstion pass into the tall chimney, C, l)y 
means of which a strong draft is maintained. 'Phe furnace is 
provided with a single working door at the side, which serves ljuth 
for introducing and withdrawing the charge, I Middling furnaces 
arc sometimes fired with gas and oil, though the coaWired type 
is the most common. 

'Phe hearth of the furnace is thickly lined with iron ore, roll 
scale or rich, ferruginous slag. The fettling, as it is called, ex- 
tends up the sides from the hearth, so that it will be wxdl al)ove 
the surface of the bath when a charge has been melted. Before 
charging, the melter examines the hearth of his furnace and 
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makes the necessary repairs to the fettlin^^ This must of ne- 
cessity be renewed often, since it not only acts as lininjj;', but is 
also the flux. 

"Jd-ie furnace ])eing* ready, some slag from a previous operation 
is first’ charged. The charge of pig iron usually weighs about 
four and one-half tons and is charged cold. The process is de- 
scribed as progressing in four stages; vix., the melting down, the 
quiet fusion, the boiling and the balling up. 

1. The Melting Down .- — This begins s{)on after the iron has 
been charged, the temperature of the furnace being raised as 
rapidly as possible. Fusion is further hastened by turning the 
pigs over and stirring them in the slag that forms. 

2. Quiet Pusion . — When fusion is complete tlie bath is thor- 
oughly rabbled, bringing the metal into more intimate contact 
with the fettling. It is during this .stage tliat the silicon is almost 
completely removed. No little skill is needed on the ])art of the 
melter in determining when the silicon has been com’j)lctcly trans- 
ferred from the metal to the slag. He learns to judge this from 
the appearance of the bath. The manganese is also largely re- 
moved during this stage. 

3. The Boil , — So far, m'OvSt of the carbon has remained in the 
iron. Its removal is hastened by first cooling the furnace until 
the slag becomes more viscous and will not se])arate so (|uickly 
from the metal, and then by stirring the bath thoroughly to mix 
the slag with the metal. Since the slag is now rich in iron oxide, 
this reacts rapidly with the carbon, as is evident frotn the evolu- 
tion of gases from the surface of the l)atli. The carbon monoxide 
that is formed takes fire with its characteristic |)ale-blue flame 
the instant it bursts from the surface of the slag. Tlie rcactiotis 
cause a rise in temperature and the slag becomes more licjuid. 
The large amount of gas escaping duritig the removal of carbon 
gives rise to the boiling effect. There is also a swelling of the 
charge, the slag rising several inches up the sides of the furnace, 
and often flowing out the door. A quantity of slag may be drawn 
off at this time, and the difficulty in handling the metal at tlie end 
of the operation will be lessened if the l)ulk of slag is reduced to 



the least that is necessary. I'he l)oiling dinunishes with the re- 
moval of the carbon, and when the bath becomes (luiet the opera- 
tion is finished. 

4. The Balling Up .- — ^The iron is now in tlie form of a porous, 
unfused mass, in which a quantity of slag is still incorporated 
The melter l)reaks up the cake of metal with a bar, and then 
manipulates the pieces on the hearth of the furnace until they 
become somewhat rounded or roughly shaped into l)alls. 'riiis is 
done for convenience in handling, the balls weighing about 75 
pounds each. These balls of wrought iron, being now at the 
temperature for welding, are taken from the furnace, grasped 
with tongs suspended from an overhead carrier, and i)laced uiuler 
the hammer or in the squeezer for removing tlie slag. 



The principle of the rotary sciueczer for wrought iron blooiiLS 
is shown in Fig. 59. A heavy cast iron cylinder revolving witli- 
in an eccentric shield in the direction indicated l)y tlic arrow car- 
ries a ball around, revolving it in the opposite direction. The 
corrugated surfaces of the cylinder and shield prevent the ball 
from slipping while it is forced into the diminishing space. 

The rolling of the bloom is conducted in a manner similar to 
the rolling of steel ingots (Chapter XVIl). 

Modifications of the Puddling Process.— Althougli permitting of 
many alterations, the practice of iron puddling, with the excei)- 
tion of one important advancement, has continued essentially the 
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s;une since its inception. 1'he more coniinon practice, just <le^ 
scribed, looks mainly to the removal of carbon, silicon, nianganese 
and some phosj)lu)rus. In some special hi^lx |.(rades of iron it is 
required that the phosphorus he practically eliminated. This is 
accomplished by the use of a basic sla^.^. d'he slag may he ren- 
dered basic by increasing the percentage of ferrous oxide, or l>y 
adding lime. 

Soda ash ( ini])ure carbonate of sotliiim ) has l)een employed 
with small quantities of iron for the removal of pht^sphorus and 
sulphur. While iron may be desulphurizetl with mixtures con- 
taining soda ash, this material is far too expensive to use on 
the large scale. 

A mixture of manganese dioxide and salt is sometimes added 
to the charge at the beginning of the heal. 'Phis renders the slag 
more liquid and more strongly oxidizing, favoring the removal 
of phosphorus and sulphur. 

Mechanical P uddlhuj. attempts have been ntade to cou' 
struct a puddling furnace vvhicli can be rocked, tilted or re 
volved ])y machinery, thus bringing about the distiui>ance of the 
bath instead of stirring it by hand, v^uch a furnace would be 
desirable from more than one point of view. 1'he labor of a pud* 
dler is exceedingly severe and might well be dispensed with: the 
process might he cheai)ened by doing away with such expeitsive 
lal)or, and the output would be increased, assuming that nuire ma 
terial could be treale<l at the same time. 'I'he meehanieal furnace 
has not, however, ])roved entirely satisfaet(n*y, and most c)f tite 
wrought iron is still made by the brawn and skill of the iniddler. 
A mechanical furnace has been designetl and used ftn* some time 
l)y J. V. Roe, of Ik)ttstown, Pa.^ 

^ Trans. Amer. Inst, Min, Ktig., 33, 551, fUsu Iron iirid Stve! Inst, Junr. . 
1906, 3, 264. 
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STEEL-™^THE CEMENTATION AND CRUCIBLE PROCESSES 

Definition.— W'hcu steel vvus uuinufactured solely \)y the cc- 
mentation and crucible processes, it was understood as rclined 
iron to which a definite amount of carbon had ])een added. If 
it contained less than 0.5 per cent, of carlxm it was known as 
“mild steel,” while the hardest steel contained 1.50 per cent, of 
carbon. Since the introduction of the Bessemer and open hearth 
processes for making steel, the term has ha<l a wider meaniuj;!;'. lU 
these processes iron ()ractically saturated with carbon, and iron 
that is almost free from carbon may be ])repared, but the pro(b 
net is always desig’uated as steel. Inirthermore, there are now 
on the market a number of alloys of iron with otltcr tnetals, all 
of which are known as steel, so that the term as now used does 
not si^^nify any special compositicai. vSince there are several 
distinct processes in use for its j)n)ducti()n, steel may l)e defmed 
as iron that has been refined by one of these processes. The 
cementation, crucible, Bessemer, o[)en hearth and electric are the 
standard processes. 

THE CEMENTATION PROCESS 

When iron and carbon are placed in contact and liealtMl to 
about (kk)"^ C., they combine slowly, the carbon penetralin|i«; the 
iron to a greater depth as the heating is prolonged. This plu^ 
nomenon is known as cementation. 'I'he process of cementation 
is one in which iron is heated without fusion in a suilahly con«> 
structed furnace, and in contact with solid carlxm, until (he re* 
quired amount of carbon has been absorbed. 

The Furnace.— Kig. (kj shows the Sheriield type of cementation 
furnace in section. The rectangular converting j)ots or boxes, in 
which the iron is carlmrized, are built oi fire-brick or stone. 
They are heated by means of Hues, F, leading from the (ire place. 
(1, underneath the boxes and up their sides, 'fhe flues lerminale 
in the short chimneys, C. Air is excluded from the boxes by the 
arched roof of Hre-brick, and the entire furnace is enclosed in a 
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conical stack. The manhole and the charging lioles, 11, are 
bricked itp during the operation. “The test bars are drawn from 
the boxes throngli the small ports, T. 



nig. f»o. 


The Process.--- The .steel is made from selected bars of the pur- 
est commercial iron. Wrouffht iron is j)referred, though Bes- 
semer and open heartli steel are sonietiines employed. 'I'he bars 
are placed in layers in the fire-brick boxes or pots, and between 
the layers charcoal free from dust is packed, h^ach set of bars is 
placed at right angles to tho.se in the layer below, and a covering 
of charcoal is put over the bust layer when tlie box is full. The 
boxes are made to hold from to to 15 tons of bars. 

The boxes having been filled and air excluded from tlic charge, 
the fire is lighted and the temperature of the furnace is slowly 
raised until the maximum is reached. 'I'his re(]uires about 48 
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hours. The hcatin^^ is conliiuied for from 4 to Ui days, depend 
ing upon the amount of car])on wanted in the steel. The degree 
of carburization is ascertained from time to time by taking out a 
bar through the port provided and e.xamining its fracture. When 
the process has i)roceeded as far as desired,, the lire is drawn, or 
allowed to die out, and the furnace cools slowly. Within live 
days the furnace may be entered and the bars, which are now 
carbon steel, are removed. 'Phe carbon, however, has not been 
uniformly distributed throughout the bars. 'Phe outer portion 
may be saturated, while the center is almost free from carbon. 
It now remains to convert these bars into steel of uniform conn 
position. 'J'hey are cut into convenient lengths, and these are 
bundled, heated to the welding temperature and forged into a 
single piece, d'he metal is first coated with a wash of clay and 
borax, which checks oxidation and serves as a dux, giving a clean 
surface for welding. Having been cut and welded once, the steel 
is known as ‘'single shear.’’ A higher grade of steel is made by 
cutting up the bar and welding as before, this being lermetl 
“double shear” steel As some carbon is burnt out during the re- 
heating, the liars which contain more carbon than is retjuired in 
the rinished product are selected to be sheared. 

It is po.ssible to combitie a little over two per cent, of carbon 
with iron by cementation. A further addition would re(|uire a 
higher temperature, which would result in the fusion of the steel 
It is not known whether the carbon diduses through the iron as 
carbon, or as a carbide of iron. It is [irohalily similar to the mi- 
gration of carbon in other instances, wherein the conditions are 
different, as in chilled and malleable castings. 'Phe penetrating 
power of carlion is shown hy the fact that it will enter and mi^ 
grate through hot porcelain, glass and other dense substances. 
If the steel has been converted from wrought iron tlie surfaces 
of the bars, as they are drawn from the furnace, are covered 
witli blisters. This has given rise to the term “blister steel” 
The cause of the blisters has lieen satisfactorily explained hy 
Percy. The ferrous oxide, which is always present in wrought 
iron, is reduced by the carbon with the formation of carbon 
monoxide, and the gas, seeking its escape, distorts tlic fdastic 
13 
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nvoiul. C'cincnt stool that is tiiado from iron ooiUuinin|i^ no oxide 
or slaf;’ is not hlistorod. 

The output of oomont stool is rolativoly vory small, d'ho ])ro- 
ooss still holtls its own in tlio manufaolnrc of some tools and 
maohinory piooos, hut aside from some special a])plicali()ns of the 
principle, it has declined as a method for makini^^ steel. The 
most famous works are at v^henield, hhtj^dand. 

THE CRUCIBLE PROCESS 

Modern steel manufaclnre may he said to have hc|»'nn with the 
crucihle ]»rocess. Although steel had heen converted in a molter 
condition before this time, it luul never heen cast as is done in the 
crucihle process, and other imi)ortant details were lackin^n The 
term “cast steer' was sii^yinhcant at the lime when steel was made 
either in tlie cementation furnace or in tlie crucihle. I'he crucible 
])roce‘ss is the invention of Benjamin lluntsman, an English man- 
ufacturer. His first plant was erected at v^heffield and put intc 
operation aheiut 1740.’ I'he process was in every essential tin 
same as it is to-day. 

Crucibles, Steel melting crucibles are generally manufacturee 
from a mixture of clay and graphite, (iraphite alone is no 
cohesive enough to make a strong crucihle and is expensive 
while clay crucibles have too great a tendency to shrink aiu 
crack when in use. Clay crucibles are preferable for soft stee 
since their walls do not give up carbon to the charge. As a rule 
they do not last for more than one melting, d'he graplute cruci 
hies are much more durable. A good crucible of American malo 
contains about 50 per cent, graphite, 40 i)er cent, clay and 10 pe 
cent. .sand. Ceylon graphite is considered the best for crucibles 
Other materials liave Ijcctt sul)stituted for natural graphite 
Kish and coke dust are used, and old crucibles are regularl; 
ground and mixed with the new tnaterial. 

Tht clay and the grai)lute for the crucibles arc ground am 
then mixed. After making the clay into a thiti paste with water th 
graidntc and sand are sifted m. The tlnckened mass is thei 
mixed in a pug mill and allowed to stand for a few days. B; 

* Jour, Iron aiH| Steel Imt, 1H94, 2, 224. 


MKTAI.I^UUGV 


77 


allowing it to vStand, or tempering as it is called, the clay loses 
some water and incorporated gases and becomes stifTcr. ll is 
now ready to be turned into crucibles. 

A lump of the clay is kneaded and thrown into **i plaster of 
Paris mold, corresponding in shape to the outside of a crucible. 
The mold is centered on a potter's wheel, aiul as it revolves a 
knife l)lade is lowered into the clay to form the interior of the 
crucible. The knife is set at the proper angle to force the clay 
upward and against the walls of the mold. The top of the 
crucible is trimmed, and it is allowed to remain in the mold for 
about three hours. During this time the porous plaster absorl)S 
so much water from the clay that it is left rigid enough to stand 
up. The crucilde is dried for a week, and is then I'cady for 
tiring. It is enclosed in a .shell of two clay seggars and placed 
with other crucibles in a potter’s kiln. Both the rise and fall 
of temperature during the bring are carefully controlled, as 
sudden changes would weaken or fracture the crucibles. The 
temperature of the kiln .should be at least as high as that of the 
furnace in which the crucibles arc to be used. 

The Melting Furnace.— The furnaces used for melting steel in 
crucibles are often of very simple construction, consisting es- 
sentially of a melting hole in which the crucibles are placed, and 
in which coke is burned, and a tall chimney for creating a draft. 
The melting hole is covered with a bre-clay lid during the opera- 
tion. GaS“fired furnace.s employing regenerators arc also iti use. 

The Process.— Each crucil)le receives a charge of from (k) to 
90 pounds of metal The materials converted are wrought iron 
or steel made by otie of the cheaper processes and pig iron. 'Fhe 
pig .iron serves as the carhurizer, though cliarcoal or anlliracite 
may be used instead. A little oxide of manganese is usually added, 
and sometimes a ‘'physic” such as salt, potassium cyanide, etc., 
is used. The crucilde is covered and placed in the melting hole 
of the furnace. Some time after the charge has fused the 
melter takes off the crucible lid atid examines tlie contents witli 
the aid of a rod. From the appearance of tlie slag and certain 
other indications he determines when the crucible sliould l)e 



willulruwn from tlu* funuico. The crueihle is lifted {)ut by 
means of tongs, which are made to encircle it a few indies below 
its largest diameter, giving support to its sides. The steel 
is usually allowed to stand for a few minutes before jxmring. 
'I'his is termed ‘‘killing,” as it serves to (piiet ’the metal. The 
same result is arrived at by adding silicon or aluminum to the 
charge and ])ouring immediately. 'Phe steel is then slowly jxmred 
into the ingot molds, ami the crucible is thrown aside for inspec- 
tion, .\ crucible lasts for from four to six lieats. 'Phe molds, 
just referred to, are commonly about 30 inches long and three 
inches scpiare inside, d'hey are made in two pieces, the joint 
running lengthwise, and held togetlier with rings and keys. This 
mechanism facilitates the removal of the ingot after it has cooled, 
d'he large molds are of one piece. In case the contents of one 
crucible is not suOicient to lill a mold, two or more heats arc 
poured at the .same time. 'Plte ingots are reheated to the forgin|> 
temperature ami rolled (u* hammered into the shapes desired. 
About H) |K‘r cent, of the steel is rejected in the mill on account of 
piping in the ingots. 

It is not po.ssible in the crucible ]>rocess to determine the 
amount of carbon that should I)e added to a charge it) produce 
the grade of steel desired, since the losses are not constant. It 
is therefore neces.sary to estimate the carbon in the .steel after it 
is made and to grade it at'cordingly. 'Pile fracture test is here 
made use of to great advantage. 'Phe tops of the ingots arc 
broken ofT and the fractures examined by a skilled in.spector. 

d'he suiierior <iualily of crucible steel is due to the selection 
of higli grade materials to begin with as well as to the process 
it.self. With so .small an amount of metal, and tliat in a closed 
vessel, the composition of llie charge and tlie temperature oi 
working can he ahnost comiiletely cotitrolled. 'Plie occlusion 
of gases is largely prevented by these conditions and by the 
manner of |)ouring, whicli is to allow tlie metal to run in a v^vy 
small stream. 'Phe crucible process is now giving way to the 
electric jirocess. 
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STEEL - THE BESSEMEE PEOCESS 
ACID 

History. — The lU'sscnier process littini^Iy bears th<^ name 
the illustrious inventor, Ilenry Bessemer. The process is not, 
however, the invention of a sin^^'le man, hut ol a mnuhta* whost' 
names should be as closely linked with it as that ol Bessenter. t 
The original idea was not to make steel directly hy this ])rocess, 
but to make wrought iron, from which steel was to he converted. 
Wm. Kelly was the first to show that pig iron couhl he purifunl 
by blowing air through it while in a molten state. Kelly’s inven 
tion was what he termed a “Bneumatic Process’’ for making 
malleable iron. He first carried out Ins idea at liddyville, Ky., 
in 1847. About ten years later he built a tilting converter for 
the Cambria Steel Works, at Johnstown, Pa., where it has been 
preserved. His lack of financial backing prevcaited Kelly from 
making a commercial success of tlie process he had originated. 
However much may have been suggested to Bessemer, no one 
can doubt that the uni([ue construction of plant and the details 
of the process were his own achievement. The result of Besse 
mer’s exjierimcnts were first made public in a jiaper before the 
British Association, in 1856. He termed his invention *‘ 1 'he 
Manufacture of Malleable Iron and Steel Without Iniel.” 'Phe 
success of the process was no less a surjirisc tci the inventor than 
it was to other metallurgists, though it had failed as yet to 
convert iron into steel. The |)roduct was simply iron from 
which the impurities, except sulphur and phosphorus, had lieen 
removed, and this was often rechshort and ditheult to work. 
After some unsuccessful efforts to remove phosphorus Bessemer 
abandoned the idea, since he was alile to buy Swedish ing iron 
which was practically free from phosphorus. Tlie other dilli 
culties were overcome by adding siiiegcKeisen to tlie iron after 
it had been blown, the manganese correcting tlie red-shortness 
and the carbon producing the necessary hardness and tenacity 
in the steel. This very essential improvement was suggested by 
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Mushcl. The intprovcinevits in the huikUnjj^ of Hessenier plants, 
and the development t)f the ])rocess are attrilnited largely to 
Alexander Holley, a famous American engineer. 

The Iron Mixer.- At the large iron and steel plants the iron 
is delivered to the steel works in the molten condition. It is 
run directly from the blast furnace into hrick-lined ladles, which 
are mounted on railway trucks, and conveyed immediately to the 
Messemer or open hearth shop. It is obvious that a great sav- 
ing must he realized by converting the iron without further hand- 
ling or allowing it to ctsd. 'I'he ideal practice would be to pour 
all the iron directly from these ladles into the converters, and 
this would be done if the iron were always of the proper com- 
position, but this is not the case. 'Phe silicon, in ])articular, is 
too high in some casts and too low in others, making it neces- 
sary to mix the dilTerent grades of iron to obtain one of the 
])roper comi)osition for blowing. Remelting cui)olas are gen- 
erally used in converting mills for the sake of having a reserve 
of hot metal, hy skillful management it is ]H)ssible to convert 
a good deal of iron “direct,” the iron from the cupolas being 
mixed in the coiwerters with the iron from the furnace. The 
didiculty is most completely solved, liowever, by the use of the 
hot metal mixer, an invention of W. R. Jones, of Braddock, l*a. 
d'he mixer is a large vessel, built of steel plates and lined with 
fuT-brick. It has a circular bottom, and is mounted on rollers 
so that it can be revolved to pour out tlie contents. The iron is 
run in from a ladle through an o]H‘ning near the to]) of the mixer, 
and is poured out from at\ opening on tlie o])posite side. The 
capacity of the mixer is usually about 300 tons, which is the 
eciuivalent of three or four casts from a large blast furnace. 

The Converter, d'he section of a modern converter is shown 
in I'ig. Cn. 'Phe converter consists of an outer shell of heavy, 
cast steel plates and a thick lining of refractory material. It is 
mounted on hollow trunnions, through one of which connection 
is ma<lc for the ])assage of tlie blast. The converter is made in 
three sections, any one of whicli may be repaired independently. 
The lop section is held to the middle section or body of the 
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vessel by means of l)olts, and tlie bottom section is attached with 
hangers secured by keys, an arrangement which permits of the 
bottom l)eing renewed in a very short time. 

The converter is lined with ganister, mica -schist or other 
silicioiis material. The stone is ground and mixed with water 
for use as a mortar. 'Phe lining is made by setting the cut stone 
in the mortar, or by using the mortar exclusively. W'hen the 



Fig. cit, 


latter method is adopted the mortar is rammed in plaee after 
placing a wooden core to form the interior of the vessel. Tlie 
lining is dried by a fire before the vessel is put into use. 

The Ixdtom is the weakest part of a converter. 'I'he lining 
in the upper and middle sections may need hut slight repair dur- 
ing a year of constant running, while the bottom lasts hut for 
a few heats, usually 15 to 20. A numher of bottoms prepared 
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for ininirclialc use* arc thorcloro kept ou Imiul in convertinj>’ 
mills. TIk* const ruction of the converter hottom warrants special 
notie'e. As shown in tiu* cut tlu* blast is ncaaved in a cast iron 
box throUji^li a j^'ooseneck, which is coniH‘ctetl with the trunnion. 
1'he blast is let into the char^'e throU]L»’h a number of bre-bnek 
tuyeres, which art* set in <»penin]L;s in tin* metal top of the blast 
box and surrounded by the linin,t 4 ’ material. The tuyeres are 
perforated by numerous holes, about hall an iiu'h in diameter, 
throui^h which the blast is delivt*rtd. In this way the ])last is 
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distrihulcd throU|^h the char|(e at the moment it enters. Defcc* 
tivc tuyeres are plugf^ed by turning the vessel dowtt, removin|J 
the Idas! box lid and tamping in clay frotn the laUlom. 

Fig. ()2 shows the method of rotating a ccjuverter, the dcKtcd 
outline indicating the position for cliargtng. A sliding rack 
driven by a double-acting, hydraulic ram, meslies willt a pinion 
keyed to one of the trunnions on which the converter rotates 
With this device the converter may I)e turned through an angle 
of i8o‘’ or more. A easing of iron prevents injury to the 
mechanism from slag ejecting during the Itlow. 
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The Process,"--' The vessel is turned down to the horizontal 
position and a charge of 8 to 15 tons of inolteii pig iron is 
run in. The l)last is turned on as the vessel is raised to the ver- 
tical position. A cloud of dense, brown fume is evolved, follow- 
ed by a shower of sparks. A voluminous Hame also appears 
and vanishes with the cloud. 'Phis is followed by a shower of 
sparks, and then a short and not very luminous tlame appears. 
As the temperature increases the Hame grows in length and 
luminosity until at the end of about eight minutes it reaches 
the maximum of twenty feet or more, and is of dazzling white- 
ness. If the l)low is continued the Hame soon declines rapidly 
until it disappears. At the moment the Hame drops, or l)eforc 
that time, the vessel is turned down and tlie blast is shut otT. 
The ladle being in place, the mouth of the vessel is brought down 
until all the metal and most of the slag run out, atid when the 
ladle is swung around the vessel is completely inverted to empty 
it of the remaining slag. 

The blower is guided by tlie a])i)earance of the Hame in deter- 
mining the time at which the blow should l)e ended. I Ic watelies 
it through stained glas.ses, and with remarkable precision he can 
tell when the carl)on has been elitniiiatcd to the necessary degree. 
The usual practice is to stop the blow when tlie carbon has been 
diminished to 0.08 per cent., and if necessary, to add earlion to 
the .steel after it has been poured into the ladle. 'Phe duration of 
a blow is from 7 to 14 minutes. 'Phe purer the iron and the 
higher the pressure of the blast the shorter will lie the duratioti. 

The manganese is added to the steel as it runs into the ladle, 
or if much is required, it is added during the blow from an over- 
head chute. To ordinary soft steel (0.07 to carbon ) about 
0.4 per cent, of manganese is generally added, which is sufHeieni 
to prevent red-.shortness. If higher carhoii steel is wanted the 
carbon may be added to the ladle in the form of antliracile coal, 
or more commonly, the steel is carburized with fiig iron. 

The slag from the acid converter consists clnefly of the sili- 
cates of iron and manganese, silica being far in excess. 'Plie con- 
verter lining is gradually fluxed away, adding silica and alumina 



ti) the sla^^ Any titanium [)rcscni is oxidized and al)Sorl)cd by 
the sla|4‘, C'onverler slaj;' is ofuhi em]hoyed as a silicioiis ilux 
in the blast furnace. It. is diflieultly fusible, beinj^^ viscid at the 
temperature in the converter. 

('(mverter dust is a mixture of sla.e^ and metallic oxide which 
is ejected durini;' the bh)\v. It also contains particles of iron. 
About 1.^5 per cent, of the weij^iit of a cbari^e is thrown out with 
each blow. 
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Chemistry of the Process. 'Phe cbemical chanf>^es that occur in 
the Messemer converter, thou^di proceedin<^^ much more rapidly, 
are similar t(^ those of the puddlin|>^ process. 'Phe air entering 
throu^’h the nmltiple tuyere oi)enin]Lrs is at once distributed 
tUrou^'hout tlie char^xe, accounting for the ra])idity with which the 
metalloids are remuved. C'arbon, silicon and man^j^anese are al- 
most completely remove<l, phosphorus and sulphur remainiiif^: 
with the iron. If the blow is continued until the tlame drops only 
ahout 0.03 ]>er cent, of carbon will be left. 

I'he term '‘direct oxidation” is used in relinin^t; processes to 
distinj^mish between that which is brouj^dd about by the addition 
of oxides to the charj^m and that which is effected by the admis- 
sion of air. v^ince the char^^e in the converter contains iron in so 
l^n*eat an excess it stands to reason that iron is the principal sub- 
stJince that is oxidized, and that the impurities, for the most 
])art, are oxidized by the ferrous oxide formed in the bath. In 
otlier words the iron is the carrier of the oxygen, v^o long as ox- 
idizable substances come in contact with it ferrous oxide is re- 
duced, and toward the end of the blow when the caii)on and 
silicon have almost di.sa])peared more ferrous oxide a])]K*ars in 
the bath. 

'Pile luxit generated by the oxidation of the metalloids is more 
than sudieient to keep the steel in a molten condition. Most of 
the heat is derived from the oxidation of the silicon on account 
of its high calorific power, and conseciiiently, liigh silicon irons 
cause an overheating of the charge, leading to 'Avild heats.'* 



This may be prevenled by lowering the la’cssitrc of the blast 
or by clilntin|>^ the char^^e with cold steel scrap. Steam is often 
introduced into the Idas! for the same |)urpose. 

BASIC 

Some of the foremost metalliir^nsts were early led to attempt 
the dephosphorization of iron in the ccmverter. Hessemer him- 
self worked toward this end, thouj>^li without success. The l)asic 
process, by which phosphorus may he i)ractically eliminated, was 
finally worked out by Sidney d'homas with the assistance of 
Gilchrist, Martin, Stead and others. 

The essential feature of all basic processes for refining iron 
is in the use of a l>asic slag, the lining of tlie furnace being neces- 
sarily of basic material. The basic converting |)lant is, in general 
construction and apixiintment, similar to the acid plant. 'Phe 
converter is of the same form, but is lined with dolomite instead 
of a silicious material. The dolomite is first thoroughly calcined, 
then crushed and mi.\ed with hot tar. The mixture is either 
rammed into place, a core being used for shaping the interior, 
or it is pressed into bricks which are burnt at a low tem|)erature 
and carefully set. 

The Process.— The vessel is heated either from a previous 
charge, or if new, by means of a c{)ke fire. Lime, eiiua! in weight 
to about 15 per cent, of the weight of the charge, is first thrown 
in, then the metal is added and the. blow follows. 'Vo all appear- 
ances the first |)art of the blow is in no way dilTcrent from the 
same period in the acid proce.ss. It is .seen, liowever, tliat there is 
more “boiling’’ and frothing of the charge from the amount of 
slag ejected. The blow is continued a few minutes after the 
flame drops, the oxidation of the pho.spliorus recjuiring a longer 
time than that of the silicon and carlxm. The excess of lime 
absorbs the phosphorus rapidly, the pliospliorus reactions being 
the main source of heat after the silicon is gone. With liigh 
silicon irons it is necessary to add more litnc during the “after 
blow” to keep the slag sufficiently basic. As witli the acid process 
the mixer is almost indi.s|)cn.sahle for kecpitig tlie iron of imiform 



M KTAl,M?k(;v 


IS() 

composition. 'I'lic iron should contain not less than two per 
t)f phosphorus, ami the silicon should, of course, he low. 

Hut few basic Hessenier plants have l)een Imilt in Am< 
Most American irons are comparatively low in phosphorus 
most of the hi^ii phos|)horus in)n is used in the foundry. V 
have been erecte<l at 'rro\%.N. V., and at Hottstown, Pa. Nt: 
of these is now in operation. 


CllAPTKK XV 


STEEIr THE OPEN HEAETH PROCESS 

History.- The work of William Siemens in ]Mi|i>'lan(l and 

of R. P. Martin in kVance was the foinulation nium which open 
liearth practice lias been hnilt. Siemens was the first to employ 
a reverberatory furnace for melting' and converting steel, the 
high temperature necessary being easily attained after he had 
developed the regenerative system of bring with gas. The prin- 
cipal feature in his process was the oxidation of the ini])nritics 
in pig iron with iron ore, while that of Martin’s method was in 
the use of soft iron or “scrap’' with the charge of pig iron, and 
in making the necessary additions of carhon and manganese at 
the end of the operation, d'hc work of these men was contem- 
])orary, having lieeu begun in the eaidy sixties, and the process 
which they put on so successful a basis, is rightly called the 
vSiemens-Martin i)rocess. 

The rajnd growth of this method of steel making is due to 
the fact that high grade steel can be made, from all grades of 
iron, and that the composition of the i)roduct is easily controlled. 
The open hearth jirocess is divided, according to the practice, 
into the Acid and the Basic processes. 

ACID 

All open heartli furnaces are of the Siemens type, d'he sec- 
tional drawings ( Figs. 63 atul 64) show the principal parts of 
an ordinary o])en liearth furnace. 1'he hearth is supiiorted on 
I-beams re.sting on girders, which in turn, are supported on tlie 
masonry below. The regenerators, shown in Fig. (>3, are for 
heating the air and gas before they enter llie combustion cham- 
ber of the furnace, 'riiey are admitted into tlie regenerators on 
one side while the iiroducts of combustion are lieating those on 
the opposite side. Tlie products of combustion are led first into 
the dust chambers, which prevent the larger portion of the 
(lust and slag, carried over liy the draft, from clogging the 
checker-work. The products of combustion are led from the 
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regenerators throiigii horizontal Hues to tall chimneys. The 
heat on the furnace hearth is intensiiied l)y the arched roof which 
acts as a reflector. 

Open hearth furnaces are coininonly built of silica brick set 






without mortar, tlie brick work being held together I)y means 
of T-rails, I-beams and tie-rods. Some of the older furnaces 
are almost entirely enclosed in plates of iron riveted together. 
The roof of the furnace is the weakest part, lasting on an 
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average for about 275 heats. The hearth of the acid furnace 
is thickly lined with sand. 

Three doors are provided for introducing the cliarge. The 
doors are hollow, iron castings, water-cooled and lined with 
fire-brick. They are raised by hydraulic power. 'Phe furnaces 
are charged by means of electric machines, which operate on the 
floor in front of the furnaces. A number of furnaces are com- 
monly built in line and worked together. The materials to he 
charged are loaded in iron boxes mounted on bogies. Tlic 
bogies are drawn on a track in front of the furnaces so that the 
boxes can be handled by the charging macliine. The tap-hole is 
at the back of the furnace. From this the steel is conveyed to 
the ladle in a detachable, clay-lined spout. 'Phe slag that over- 
flows is received in the pit underneath the ladle. 

The Process. — In early practice the amount of metal refined 
in the open hearth did not exceed 15 tons. From 30 to bo tons 
and more are now treated in each operation. The charge may 
consist entirely of pig iron, or it may be made U]) largely of iron 
and steel “scrap. The pig iron is charged either hot or cold. 
At some plants it is brought directly from the blast furnace. 'Pile 
use of the mixer is now common in open hearth practice. 'Phe 
advantages of the mixer have already been explained. 

If the furnace is new the gas is kept on it for twenty-four 
hours before charging, so that the hearth and chambers will be 
thoroughly heated. The furnace is then given a light cliarge of 
finishing slag from a previous heat, and this is melted and 
swashed over the hearth, and then tapped. The grains of sand 
are now cemented together and a hard crust formed on the hearth 
which will the better withstand mechanical abrasion from tlic 
stock. The materials are loaded on the charging bogies and 
weighed, and charged in the following order: light scrap (tin 

1 The development of the open hearth process has furnished a ready 
market for the waste product of billet and finishing mills, and for old 
material of all kinds. There is, in fact, a steady demand for such material, 
and steel makers often stock quantities of scrap to draw upon in times of 
scarcity. A great deal of condemned steel is also worked up in the open 
hearth. 



plate, iir. I. iliti} tlu‘ heavy seraj*, aucl lastly the pi|4 iron, 'i'he 
tollu\viit|4 example may he taken to represent a eliar|4e f<n’ an 


aeii! furnace: 

ruuntl^t 

P<iw pht»Hp!ii»i ns pig (hut i ...... yi ,(hiu 

how phoHphorii% rust iron nernp {et)hh 7, .am 

SirrI '.entp 1 i*oh! | » 


i lie time rec|niretl for ehat’i^ing' with the improved machines is 
alioui jtj 45 miiuite^. As an average, ahtait 30 minutes are re- 
ifuired ft»r preparing tlte furnace bottom for another heat. 

Tile time rei|uii'etl for melting* down tlie charge is (d* course 
i'liUHitleralsly shortened if the pig iroti is charged hot. t )rdinarily 
aliout six litiius would !»e re(|uiretl for the complete fusion of 
such a charge as the a!>ove. Ihitil tins stage is rea.ehed but 
Utile atteiitiiui is tieeiletl on the part of the melter, except to re 
verse l!ie gas ami air valves at regular intervals. A thin slag 
f«uans at the heginning. and its vedutue increases ratndly during 
the progress of the heat. This slag consists id” ferrotts silicate 
ami the silicates of any otlier basic oxiiles jiresetU, The siliecui, 
manganese am! some iron are thus transferred cluring the melt- 
ing down stage, ami the slag resulting soon forms a protecting 
layer whieli firevenls fttrlher oxidation of tlie iroti, As soon as 
flic hath is in a !it|uitl condition the melter throws in hmips of 
hemalile ore to liasten die tieearhuri/.ation. Tlie ore is atlded at 
itilervals, taiween which tests are taken atid their fraetnres ex» 
ainiiied, until the carbon is us low as desired. The bath “boils" 
stMiii after the first addilitin <if ore on account of the qitantity 
of carbon dioxitlr evolved. I'he frothing and swelling may cause 
an overlhiw of slag through the working cloors. It is during this 
stage llial llir greatest skill is tieeded (Ui the part td" llu* melter. 
He sliouhl have the liatti in proper eomlition for tupinng as soon 
as the impurilies are eliminated. Hy this is meant that the slag 
should be very Uqiiitl, so that it will separate well from the 
metal, and he as nearly neutral as possible at the time cd tapping. 
Tlie temperature slmultl md lie liigher lliau is necessary to prevent 
visetvsiiy in pouring. In ease the sing has been made strongly 
oxidi/Jng and tlie carbon has been “worketl down" behiw the 
14 





rctiuired limit (the heat not heinj;’ iti condition for tap])in<() t 
carbon may be restored by adilinjL; pii!^ iron. 'Tests tire ttiken \v 
which to tiscerlain the composition of the steel. 

\\‘hcn a test is to be taken the bath is lirst stirred to eslabl 
nniformily. A lonj;’ handled, s(d*t iron s]>oon is then thru 
first into the slai;’, tind then into the mettd. d'he co;itinj»* 
slaj;* that chills on the sjuion prevents the metal from stickii 
'The sjioon, holding* about two ])ounds (d* mettil, is wilhdra' 
(juicklv and the contents poured into a rectanj^ular, cast iv 
mold. .As soon as it is solid the test is knocked out, ({uencl 
under water and broken, h'rom the appearance of the fraclt 
the melters learn to estimate the carbon with remarkable accun 
when it is as low as 0.50 pt‘r cent. 

When the heat is rea<ly to tap, the ladle is placeil in positi 
to receive it, the spout bein.e:’ placed so as to throw 1 
stream of met<al a little to one side of the (‘enter of the ku 
'This ^’ivtvs a whirling;' motion to the steel, and facilitates a th 
oujL,di and uniform distribution of the substances adiled. d 
tap hole is opened by two nuai workiuji^ from the outside witl 
hand drill. A sijL^mal is .ijiven when a small stream of metal ; 
pears, and a heavy bar is thrust throu^di from the inside of ' 
furnace, d'his loj^'etlter with the rush of the metal so enlarj 
the openin|4' that the furnace is emptieil within a few minutes 

'The substances to be added are thrown in with the steel aj 
runs into the ladle. Mani^anese is always added, since this t 
ineiil is wanted in the steel, the initial man^.^anese havin|i[’ lx 
transferred to the .slaji(. bVrro silicon and aluminum are a 
used to deoxidi/e and to “(juiet" open hearth heats. “VV 
heats," or those which are hi|>;hly ehar^^^ed with occluded ga^ 
occur in the opeti hearth as well as in the converter. They 
.said to have been liehl in the furnace too long and at too higl 
temperature. 'The milder steels are always more active wl 
pouring. 'Tlie common method of adding carlion is to thr 
crushed atithracite into the ladle. About 50 per cent, of 
weight of coal a<lded is lo.st. vSome .specifications call for 
increase over the initial pho.sphoriis and .sulphur. The formei 
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added in the form of a ricdi iron |)lu)S|)liide ( ferro |)liospliorus ) , 
manufactured from apatite, and the latter in the form of stii*k 
sulphur or iron pyrites. All suhstances arc added, so far as pos 
sible, before the sla^' comes, and they are i^'enerally in tlu‘ f(»rm 
of small lumps, if a lar^'c (|nanlity of manj;’aiu‘se is to be added 
it is ])reviously heated to insure complete absorption. 

As soon as the furnace is empty the ^'as is shut off, and the 
hearth is pre|)ared for the ne.Kt heat. The ta])**hole is closed by 
placing a rabble o\er the. mouth and ramming’ in sand mixed 
with a little clay from the outside. A layer of sand is spread 
over the hearth and places that have been worn or llnxcd out 
arc patched with chrome ore. The further IrCiitment of the 
steel is the same as that of Bessemer steel and is desc'ribed in 
Chapter XVII. 


BASIC 

The acid and basic open hearth processes bear the same rela* 
tiou to each other as do the acid and basic Bessemer processes. 
The ^^-eneral construction of the basic furnace is identi(‘al with 
that (if the acid, and the same materials are put into the upper 
walls, roof and flues. Maf^mesitc brick are used in the hearth and 
lower walls, and chrome or other neiitr.al brick are placed at the 
juncture between the basic brick below and the acid brick above. 
The hearth is thickly lined with dolomite whi(’h has been thor 
oughly calcined and crushed calcined ma^mesite is used in the 
same way. Referrin^^ a^'^ain to bj, which represents a basic* 
furnace, the location of the ma^^niesite brick is shown by tlie areas 
in which tlie hatchin^^ is cro.ssed, and the location of chronu* brick 
is indicated by heavily shaded hatch iu^^ 

Details.— 'bhe followin^^ represents the char|4:e for a 50 ton 
furnace : 


High phospliorus pig iron (hot) ...... 

High phosphorus |)ig iron (cold) .... 

Heavy steel scrap (col<\) 

Light steel scrap (cold) 

Limestone 
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The liniestoui* an<l <»re :\vv eliari^ed iirsl so that the hearth 
])e proteetcii from the arid slajjf which f(Mins at the beginn 
and so that their ehemieal action will begin as soon as the in 
fus(.*s and trickles down, 'idle limestone is generally chai 
raw, the idea htdng that the carbon dioxide evolved from 
dcc'omposil ion assists chcmit'al acti<m by agitating the bath, 
action of the lime is not pronouncc<l during the first tiarl of 
melting down stage, but as the slag increases in volume and 
temperature rises the lime reactions become more a])])ai 
After the metal idiarge has melted the melters say that the ‘ 
‘'comes upT aiul this naturally does occur, for the limeslon 
the lightest substance in the furnai'c. d'here is much frothin. 
the liath at this stage, due to the <lecomposition of the stone 
to the oxidation of carbon. 'The steel would be completely 
carburi/ed if left alone, but time is saved as in the acid proces 
adding lumps cd' ore. The tests are taken and examined as 
fore described. If the steel is to contain more titan 0.50 per i 
of carbon the Ivggert/ test is generally used. In some insta 
chemical tests are made for phosphorus and other ingredient 
determine the ])rogress of the heat. 

d'he fact that |)hosphorus as well as carlion is to be wo’ 
down generally means that the basic process re(|uires more 
ami Nvatching than the acitl process. It is essential to the 
plete elimination of phosphorus that the slag ])e basic and at 
same time li((tiid, and since a litjuid slag will .not stay mixed 
the heavier metal, fretjuent stirring is re(|uircd. Idnorspj 
added if the slag hei'omes totj thick from excess of lime, 
melters gain some iilea of the eondition of the bath from 
app(‘aranee of the slag. The ImlTles of gas that escape dnrin| 
peri(Hl in wliieh the limestone is decomposing are small and t 
is ntueh frothing, hater on the bubbles beecnne larger, and v 
the earhon is reacting with the tu’c there is likely to be vi( 
lanling. d'he bath btsannes tramitiil at the time of ta])ping. 

The basic heat is ta]»pcd in the same way as the acid, the ta| 
being made np and the hearth renewed with dolomite or 1 
nesilc, 


CHEMISTRY OF THE OPEN HEARTH PROCESS 

As has l)cen said before llie main (lifference between acid and 
basic processes, so far as the result is concerned, is that |)1h»s- 
phorus is removed by the b<asic treatment. The reactions ])}■' 
which carbon, manganese and silicon are removed are alike in 
both processes, aiul are identical with those of the puddling pro- 
cess, except for the dilTcrences that are brought about by greater 
mass and higher tem[)erature. It is to he borne in mind that a 
much larger quantity of metal is treated in the open hearth than 
in the puddling furnace, and that the temperature is so high 
that the metal is ke])t in a liquid state even after the im])urilies 
have been removed. 

Silicon.— This element a],)i)ears to ])e the most readily oxidized 
of all the impurities. In all refining processes it is to be observed 
that the silicon is first to di.sappear. d'he j)resence of basic fer- 
rous oxide accounts for the removal of silicon during the be- 
ginning or melting clown stage of the process, d'he ferrous 
oxide is formed in two ways — by the oxidizing tlame sweeping 
over the exi)osed metal, and by the partial reduction of the ore ^ 
Fe + (\ + Si - KeO.SiO,. 

Fe,,(), + SiCX + C, hT + h'et ).Si( ), f 2(^0. 

By the second reaction it is seen that so long as carbon is pres- 
ent there is a gain of metallic iron to the charge. ( )ther liases 
such as lime and magnesia would elTect the transfer of silicon to 
the .slag, but their action is .shown not to be considerable, from 
the fact tliat mo.st of the silicon is in the slag before the lime 
reactions come into prominence. Tf the iron contains much man™ 
ganese this element removes the silicon ra])idly, since its oxides 
are strongly basic and readily formed. It is obvious that the 
more silicon that is present in the charge, wliether combined 
with the metal or in the ore and flux, the greater will be the 
volume of .slag, if a certain degree of basicity is to be attaimxl. 
I'he percentage of silicon in the metal charge should not exceed 
0.75 per cent. Of course pig iron, much richer in silicon, may he 
used if the heat he made up largely of steel scnif). fhdy very 
low silica ore and limestone arc permissible. 
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Carbon.- The rcinova] of carbon is effected chieily by the oX“ 
ides of iron, it is possil)le tliat the carbon dioxide from the 
limestone l>lays .some part, that i^as beinj^' reduced by carbon. 
The ore that is added should be in the form of lar|.,^e lumps, since 
fine stuff would lloal and be absorl)e<l by the sla| 4 '. 

Phosphorus." 1'his element, like silicon, is acid formini^^ and 
has stron^^ aflinity for basic oxides, 'fhese are neutrali/.ed ]>y 
silica in the acid ju’oce.ss, and therefore, ])hosphorus is not re- 
moved. rhos])horiis is more easily reduced than silicon and it 
is not so rea<lily eliminated from iron that is rich in carbem. The 
addition of carbonaceous material to the bath in a basic furnace 
will cause the reduction of phosphorus, and consec|uently an 
increase of the element in the metal. Phos]>horus may be almost 
completely removed by usinj^ a clean, basic sIuk. The addition 
of fiuor-.spar serves to li(juidate the sla^i!;’ when it becomes too 
stiff with the excess of lime. 

Manganese. In the acid furnace the manganese is practically 

eliminated, while under a basic slag a considerable portion may 
be retained in the iron. In the basic process the beliavior of 
manganese appears somewhat erratic. I'he separalitm from the 
iron is confined, for the most part, to the melting down period. 
Ivater tests not infrecptently show an increase of metallic man- 
ganese in the hatli. It is jirohahly reduced hy carbon umier tlie 
influence of a limy slag. 

Sulpliur.--“This clement may well he tcrmeil tlie greatest enemy 
to the steel maker. There is no reasonably cheap method by 
which it can be eliminated to any great extent. Manganese lias 
been shown to he the best de.sulphurizer in tlu* open heartli. 
High manganese irons always yield a product that is projiurtion- 
atcly low in siflpluir. It is prolmlile tliat, since in an alloy of iron 
and manganese tlie sulphur combine.s with the latter ratlier than 
with the former, tlie sulphur is oxidissecl Hiniultaiieously with 
the manganese as it jiasses into the slag. Some of tlie sul- 
phur is imdouhtedly volatilised, since an analysis of the slag does 
not account for all that has been edirninated. A considerable 
amount of sulphur may lie removed by continued stirring in the 
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char^»‘es before fusion is estimated, the other li|;jfures represent iujLif 
chemical analyses. 
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ddic dia^naim ( I'i^. 65) sliows graphically the rate at which 
the impurities are elitninated in the basic process. 

Open Hearth Slag is, in a large measure, discardetl. though 
some is used in the blast furnace. It is valuable as a Hux and 
for the iron and manganese it contains. Some basic slags, es])e' 
cially tho.se that arc rich in phosidiorus, may be used for fer-* 
tilizing purposes. 

MODIFIED OPEN HEARTH PROCESSES 

Tilting rnrnaces.—ddie ituprovenients in the open hearth i)ro- 
cess have been chiefly mechanical. The exceetlingly laborious 
and cxpetisivc method of charging by hand has been superseded 
by machine charging, and the electric crane luis been instituted 
for hoisting and moving materials about the plant. Witli the 
75“ton ladle crane, the heat of steel is poured and removed from 
the sliop witliiu 15 minutes from the time of tat)ping. One of 
the most important inventions is the tilting furnace, vvlncli lias 
paved the way to some remarkable improvement.s in recent prac- 
tice. The Camiihell furnace is mounted on rollers as shown in 
Fig. 66. I'he furnace is tilted for charging and pouring by 
means of a hydraulic ram. Aside from the mechanical feature 
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the furnace is similar in conslriiction to the stationary hearth. 
Tlie Wellman furnace is constructe<l an<l operated in somewhat 
tlie .same maimer as the C'ampliell furnace, e.Kcept that it is 



mounted on rockers instead of rollers, and when tilled the whole 
furnace moves forward, instead of rotatiuf^ about its own axis. 

The Talbot Process, d'his proee.ss, the invention of Henjamin 
Talbot, has liecn in successful operation for several yeai's. It is 
otherwi.se known as the “continuous*’ process. A tilting furnace 
of the Cainphell or Wellman type is emiiloyed and the process 
is conducted as follows: Tlic charife consists entirely of molten 
pig iron and limestone, and the heal is worked down in the nsual 
way with the necessary additions of ore and stone. When 
fini.shed the hulk of the slag i.s poured olT and a part of llie metal 
is taken. The larger portion of tlie metal is left in the furnace 
to which pig iron is immediately added until the weight of the 
metal charge is restored. A new slag is formed with the further 
addition of limestone and iron oxide, and the purification of the 
hath is continued a.s l>efore. d'he large amount of refined iron 
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that iwS left iti the furnace after each jKUirinjj^ lakes the ])lace of 
the steel scrap used in ordinary ])ractice, while it ])rotects the 
furnace hearth from the corrosive action of sla^^s. The time 
required for ta])pinf( is saved, and tliere is a further jij;ain of time 
in the charging and from the fact that no cold metal is used. 

The Bertrand-Thiel Process. "Phis process as apidied to the 

basic treatment employs two furnaces, the iron beinjj;' char^wd 
into one furnace and transferred to the other after partial con- 
version. ".riie primary furnace, or the one receivin|.( the char|L>'e, 
is ^>-eneralIy liuilt on a hi^dier level than the sectmdarv furnace, 
so that the metal can be transferred by |>;^ravity. 

"Phe molten ])ig iron, limestone ami ore are charj^^ed into the 
primary furnace, and treated in the usual way until the silicon 
and ])hosphorus are removed. "Phe charge is tlien tapped into 
the secondary furnace, and the decarburization is linished under 
a new sla^. "Phe sla^^ of the Pir.st operation is separated fnmi 
the metal as far as possible before it is transferred. 'Phe decar- 
burization is completed in a much shorter time with the foul 
sla^ tlius disposed of, and further inirilication as re^.,^nrds other 
elements is more easily accompli.slied. 

The Monell Process.- This is a basic process in wliich tlie iron 

oxide and lime are first cliarged into the furnace ami heated to 
a high temperature. When the metal is charged the reactions 
take place more rajiidly and tlie metal is kept in the furnaco for 
a shorter interval of time than in the ordinary process. 

The Duplex Process.— "Phe time re(iuired for making basic 
o])en hearth steel tnay lie shortened and the removal of |)hoS“ 
j)horus facilitated if the silicon and carbon are first removed in 
a separate furnace. 'Phe duplex process is a eomhinatioti of the 
Bessemer and ojien hearth methods in whicli the iron is blown 
in an acid converter and fmished in a basic open heartli. The 
silicon and carlion are not completely removed, so tliere is but 
little oi)portunity for oxidation of tbe metal ; moreover, the 
harmful effect of blowing is offset in the o])en hearth. I'he 
duplex process is in operation at Easley, Ala., and at lietlile- 
hem, Pa. 
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STEEL ELECTRIC PROCESSES 

The most rem;irka])le (levclo[)iuents in steel inanufaetiire in 
recent years have been in the successful \vorkin<j;’ out (>f electric 
furnace methods of relinini;'. d'he success of tliese is due to hi|4'h 
et'ficiency in transf<M'miu^‘ electric energy into heat energy, to 
ciieapenini^ of current ])n)duction, lar^^'ely throuj:»‘h the exploita- 
tion of water i)()wer, and to the superior ([uality of the product. 

Both the arc t'lnd the in<luction ]>rinciple are used in the con- 
struction of electric steel furnaces, d'he v^tassano, lleroult and 
(nrod furnaces are representatives of the arc class, and the 
Kjellin, .Rfichlini^^-Rodenliouser and loack furnaces are of the 
induction class. 

The Stassano furnace is interestiniLC as heinjjf the first electric 
furnace in wdiich steel was made on the industrial scale. Its 
distinctive features are the clo.sed chamher, in which a neutral 
atmosphere is maintained; the arraufj^ement of the electrodes, of 
which there are commoidy three, projectinj^^ almost horizontally 
into the furnace to form an are hetween their terminals near the 
surface of tlie hath, and in some instances, the furnace is sus- 
])ended in such a manner as to permit of its beinj^ revolved or 
■^^yrated to stir the hath. Stassano furnaces are in operation at 
d'urin, Italy. 

The Heroult furnace, aside from its electrical features, is con- 
structed on the ])lan of the tiltiiijiif open hearth. The section, B, 
of 67 shows the jirinciple upon which it is constructed. The 
furnace is of the are type, hein^ provided with two or more 
(commonly three) vertical electrodes whicli form an arc circuit 
with the l)ath. The electrodes are of carbon, septare in cross- 
section, and are suspended ])y an arranj^ement of clamps, chains 
and imlleys, being adju.sted in small furnaces by hand and in 
large ones by motors acting automatically when the hath has been 
smoothed l)y fusion, d'hc current enters the hath through one 
or a set of electrodes and pas.ses out through the remaining one 
or ones. Either direct or alternating current may he used. I'he 


or more which arc electrically parallel. 1'lie electrodes are 
peruied through the roof of the furnace in such positions a.*- 
give the most even distribution of heat. Tlie current, 
forming arcs above the surface, passes through the charge 
out of tlie furnace through metal conductors, dliese pierc' 
heartli, making contact with the charge. 
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The Kjellin furnace was the first of the induction type to be- 
come commercialized. Its principal use has been in the produc- 
tion of tool steel. In principle this furnace is similar to the next 
one, which is in more general use. 

The Edchling-Eodenhouser and Frick furnaces belong to the 
same class, the latter being a modilication of the former. The 
construction of tlie single phase Rochling-Rodenhouser furnace 
is rei)resente(l by section, D, Fig. 67. It involves the principle 
of a transformer in converting a high tension current into a 
dense current of low tension. In this type of furnace two coils 
of wire are wound around an iron core, and are surrounded 
by portions of the steel bath. The bath is represented by the 
black areas in the sketch. A plan section through the bath would 
take somewliat the shape of the figure 8. A high tension current 
in the coils sets up a high magnetic field in the core and a low 
voltage but high am[)erage current is induced in the bath. It is 
seen that the main part of the bath is between the coils, and 
that narrow loops surround the coils. It is the resistance offered 
by the looi)s of metal to the powerful current that causes the 
lieat. In operating the furnace a small amount of metal is left 
after each heat to give a closed circuit around the coils. The 
refining is carried on in the main body of the bath between the 
poles. 

Eefining in the Electric Furnace.— Electric furnace processes, 
with a few exceptions, employ the same chemical principles as 
those of the older refining methods. (Generally speaking, they 
most nearly simulate the open hearth process, the most important 
points of clifTerence being the comparatively neutral atmosphere 
and tlic localized higli temperature of the electric furnace. 
'Phese two features make it practicable to deoxidize and desul- 
phurize the steel more comidetely than is done in the open 
hearth. Oxides of iron, chromium, nickel, tungsten and other 
metals are reducible in the electric furnace by the addition of 
carbon, it being possible to practically eliminate ferrous oxide 
from the slag in this way. The slag thus cleansed is almost 
imre lime ami silicate of lime, and is known as ''white slag.” 
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I iiif ]K'riiliari! y ol (his slaj^ is dial it <|iiiakly miiniiU's (o powder 
whilc niiiliiif^. Ari'lyloik' _”as is f^i'iuTaltal wlu'ii il is pul into 
wain', shiiwiiiy ilu' prcsciua' ol (•alciuiu rarhidc. 

Tiic folhuvin.d Iiistnry of a lu-at in du- llcroult funiaoc niav 
lu' taken as ly|iieal of eleelrie furnace pra<-(iee. Suiiposinj^- the 
process lo he basic and the nielai to i.e cliar^ed cold, (he char^^e 
is iiiadc up of stcid scrap and pi” iron, lime ;nid iron ore. Sunn 
alter the current is turnol on those jneces of metal which form 
the arcs with the elci-irodes |ie,<;in to melt .and run down, closinir 
du‘ sp.aces I.etween the pitces below. As they settle ilown and 
the arc arc.as enlaree. little poids of molten medil form under 
the electroiles. 'I'liese widen r.apidly. and the mellinj.j is f.acili- 
t.ated by attendants who push the cidd pieces tow.ard the elec- 
trodes. h'urlher additions of iron oxide and lime are made as 
reipniaal. The lirsl part of the heat m.ay he lernual the oxidiz- 
ini4' period in which the carbon, silicon and phosphorus are, for 
the most part, reniove.l .as in the open hearth. 'I’he furnace is 
then lille.i to iiour <d'f most of the had slaj^'. de.an .slaj,-’ is 
then in.ade by .aildinjLt lime, silic.a hein}4 supplied from the hath, 
or if need he. .s.aiiil is mlded. .N'entr.al this .also is added when 
it is necessary to thin the sla.i;. Il is muler the inihienee of the 
intense he.at and the basic shijLf lii.al the .sulphur is removed, 
llefore tappint.; the slaj.;' is ileoxidized with c.arhon .and the metal 
with silicon, titanium or other nititerial, M.an).>ane,se and ;uiy 
other metal to he alloyeil with the steel is adiled .and the steel is 
poured immedi.ately. 

Relative Merits of Different Steel-Making Processes.- d'lie 
fundattientfil coiisidenition in the tidoplioti of .any inaiee.ss is tin 
economic one, DilTereiit methods in steel m.anufaeturc differ in 
oiier.ating costs, hut variations in tlie cost of raw materials and 
in the price which (he products coinm.and serve to e(|urilize the 
prolits. I he chea]iest id .all processes for lu.aking steel is the 
Hessemer, hut the increased dem.aml for better .steel has stimu- 
lated the growth of the open hearth process, .and the neetl for 
still better steel has kept tdive the crucible process and brought 
into existence the electric jiroecsses. 
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As rc<>'ards acid and basic methods, it costs more to convert 
steel in the ])asic furnace, The acid process can l)e more easily 
controlled, and there is more certainty as to the com])osition of 
the steel. The acid furnaces would undoubtedly predominate 
if the lar<»'er part of the iron su])])ly was low in ])hos|)horus. Hut 
sucli is not the condition in the United States. Most of the low 
phos])horus iron is treated in Ik’ssemer converters, and the su])ply 
of Ik'ssemer ores is nipidly bcin^' exhausted, unless new im|)()r“ 
tant discoveries are to l)e made. lii^'h phosphorus iron is clieaper 
and more abundant, and there is an ever increasing* supply of 
sera]) which is unsuitable for the acid treatment. Thus the hi<’*her 
cost of the basic i)rt)cess is offset. As to the (juality of tlie steel, 
it may be said tliat while the stock is superior to l,)egin with and 
the ])roduct more even in the acid process, just as .i^’ood, and even 
better steel may be made by the basic |)rocess. The dan^'er of 
overheating* while the. heat is ])r<)long'ed for the removal of ])hoS“ 
])horus may l)e guarded against by ])roper management. 'Phe 
l)asic furnaces now greatly outnumber tlie acid. 

The future of tlie electric furnace in the iron and steel indus- 
tries is highly j)roblematical. Whetlier the electric relining 
])rocess will become an entirely independent one or a linishing 
()j)eration in a combination process will be determined by the 
({uality of the j)r()duct and, inevitably, by the cost of operatiom 
The present demand for a better (juality of steel for rails and 
the great im])ortancc of this commodity has lead to the combina- 
tion of the lk‘ssenier and electric processes. Another combimation 
is a gas and electric furnace, in which the attempt is ma<le to 
cheapen the production without altering the cjuality of electric 
.steel. Lastly, there is the ])ossihility that the electric furnace may 
be used in making refined iron direct from the ore. 
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FUKTHEE TREATMENT OF IRON ANE STEEL 

'The nuH'hunical and heat treatment t»f steel are the su])jecl 
dealt with in this ehapter. in this eonneetion s]>eeial referenc 
is made to Bessemer ami open hearth steel, since t!\ese re|)resen 
so lari^n* a pn)pt)rtion of the lota! steel ]yrodiiee(L 'Phe histor 
of the steel is ^iven. as it passes through the several mills whicl 
prepare it for the market. 

Casting the Ingots. I'ig. t)S represents a steel-pouring hull 
with a part uf the wall cut away to show the interior. Th 



ladle is l)uill of heavy, steel plates, riveted together, and line 
with two courses of fire hriek. It is suptiorteil on trunniut 
projected from the sides slightly above the center of gravit 
'Phe hole through which the steel is poured is situated in ll 
bottom ami ttear the side. 'Phe thjw of steel is controlled I 
means of a stoj^iKM* which is carried on a sliding device attaclu 
to the ottter wall of the ladle, ddte stopper is raised and lowen 
by aid of a hand lever. Tlte rod which is suspended itiside tl 
ladle to carry the stopper is ])rotected from the molten steel by 
fire-clay sleeve which is made in sections. The sections fit oi 
into the other, and the joints are sealed with clay. 
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The quality of steel dei)etuls very larj^'ely upon the eoiulitions 
under which it is cast. The so-called “wild heats" are those 
which have been held in the furnace too lon^^ and poured at too 
high a temperature. A large ((uantity of gas is absorbed by the 
overheated steel, causing the luotic.n in the ladle and molds, and 
resulting in red-shortness, blow-holes and general nnsoundness. 
Very pure steel is si)ecially liable to injury umler such conditions. 
These defects may be largely diminished ])y pouring at the lowest 
temperature possible, and allowing tlie metal to run in a very 
small stream. It is not practica])le, however, to resort to such 
measures with the ([uantities of steel to be handled from con- 
verters and open hearth furnaces, and sj)ecial methods for 
treating ingot metal have been resorted tt). The use of mam- 
ganese, silicon and other deoxidizers has already been mentioned. 
Blow-holes and red-shoiiness may be almo.st completely eliminated 
by adding one of these sul)stances while the steel is being ])oured. 

d'hc diagram ( Ib’g. ( h )) represents an ingot that has been s])lit 
lengthwise, showing the effect of cooling u]>on dilTerent portions. 
Since piping is due to contraction, and tlie ingot cools from the 
outside, piping will occur about the middle. The |)ortion, A, is 
particularly subject to this defect, because settling takes place 
here as a result of the liepu’d metal l)elow being drawn toward 
the surrounding, solid mass. Blow-holes are most abundant in 
the annular portion, B, which is thickened above where solidili- 
cation ])roceeds more .slowly and where the gases rise until 
entrapped. That part of the ingot which is last to solidify con- 
centrates those con.stituents which become less soluble as the 
steel cools. Such constituents will be found in greater (juantities 
in portion, C. The jdicnomenon here involved is known as 
segregation, licjuation or selective freezing. The conical portient, 
I), is the soundest i)art of the ingot. 

The closing of cavities in steel ingots by compression has been 
practiced for some time, though the cost of installing and oper» 
ating compression machinery |)recludes its general use. In 18(15 
Whitworth subjected fluid ingots to a downward pressure of 
about six tons ])er square inch. The jiressure is ai>]died wlnlc 
15 
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The ing-ot is i)ressc(l hy hydniulic ninis on l)()th the top and 
the l)ottoin, lliou^di the iip[)er rani acts simply as a IniiTer to the 
lower one, and is slightly withdrawn from time to time as the 
ingot is pressed further into the mold. The pressure may he 
regulated to suit ingots of diHerent si/ies, forms and composi- 
tions. To aid the o|)erator in determining the effect upon the 
ingot autographic ap]>aratus is provided to register hy a time-dis- 
placement curve the contraction due to longitudinal shrinkage. 
It is claimed that compression hy this process expels more of the 
gas and goes further toward correcting the evils due to segre- 
gation than downward pressure methods do. 

Instead of casting from the top, as is usually done, sounder 
ingots may he made by casting from the bottom, the tops of the 
molds being closed. 'Phis method of casting has only been used 
for small ingots, except in rare instances. Mention is also made 
of the method of preventing piping by keeping the u\)\)tr part of 
the ingot hot during tlie cooling of the main portion, so that the 
l)ipe will be tilled with molten metal. 

Stripping the Ingots.— 'I'he train of 1 )ogies, each bearing two 



ingots in their molds, is brought from the Bessemer or open 
hearth shop directly to the stripper. Phg. 70 rei)resents a bogie 
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with tlic in.^-ots in position as they were east. The bogie has a 
ilat to|) and upon this rests the stool, or rece|)tacle for the 
mold. < )ne of the molds with tlie stool and ingot is shown in 
section, d'he st(»ols are heavy slabs of cast iron with guards at 
the corners'to hold the molds in position. The molds are also 
of cast iron, aiul are made in did’erent sizes to hold from 2 to 4 
tons and more of steel, d'hey are ta])ered slightly toward the 
to]) and opc'ii at l)oth cauls, the bottom being closed when the 
mold is ])laced upright on the stool, laigs are cast at the to]) 
of the mold for use in lifting it. 

'The usual style of strip])er is an overhead crane, s]>anning two 
tracks, and j>rovide(l with a traveling hoist. iM’om the hoist are 
suspended two pairs of loo])S ])ro]>erly s])aced for engaging the 
lugs of both molds as they stand on the bogie, d'lie hoist is also 
provided with two rams, o])erated by water, and capal)le of 
striking heavy blows upon the heads of the ingots while they 
are suspended a short distance above the bogie, d'he crane and 
hoist are ]>ropelle<l by means of inotors so that the stri])])ing can 
he carried on with great ra]>idity. I'he loaded bogies are brought 
in on the one track, and the molds are lifted until they are clear 
of the lops of i1k‘ ingots, and then placed on empty bogies on 
tlu‘ other track. Any ingots that slick may be knocked out by 
means of the rams. 

The Soaking: Pits. If the ingots were allowed to stand in the 
air they would at no lime during the cooling be in the ])ro])er 
condition for forging. When the interior has become solid the 
outer |)ortion will have become too cold. If the initial heat were 
evenly distributed the ingot could he forged without a])plying 
any e.xternal lieat. It was in recognition of this fact that the 
tirst “soaking pits” were designed, d'hc'y were sim])ly brick-lined 
cells, built underground and adjacent, each cell or ])it l)eing 
large enough to hold otie ingot. The cover for the ])its, also 
]inc‘d with fire brick, was mounted on wheels to facilitate open- 
ing and closing. < )n being placed in tlie pits, immediately after 
stri|)ping, the ra])id cooling of the ingot was arrested, heat being 
reflected upon its surface from the walls of the pit, and the heat 




J 1 1 


K'"'" I" '.'.I/,- ,.IM. Tl.is ki„,| „f |,i, 
' f ; « t„u,„l .lillioul, 



, II"’ ''“'-"'i: I'M- I,, i,„i, 

' ; a„,l ||,„S,. ,li„.,., 

■' -'"H"’.' .-M’.' .|.,i,.l,ly •I’l,.. |,i„ I, , 

. ’I'i"’ nail, „f is 

'' ''iil.laT. a i„g,„a ail- iiiia",,, 

■ 'ni.- 

! I',' .«s win. ’ll ;uv stispnt.UMl fnuu ilu- h„isi, riu' s:iuif 


M.' l ,s t..r«r.| l.v n.llinj., ;,„.i ,„a, 

!]! !■!' ‘"T"' nn.i 

,! ■ i, , 'V ■.n'''''""''"". '"‘''I"-- '‘"‘1 ^vill he 

> ’i' .<f<l 111,. „|.,n( IS ,•,,||,,,1 ,1,,^^.,, ,,, 

^ .apes, .|..i„.||.li,n. 

>t re.ltu’,..! 1.. s,/..s l,.ss iliaii sis iiu l.es and slmaml 

'»■ in,v,.s are ,all.-d if ,j,,„ 

■'••"‘•■I '1^*' "H'.v .UV .v/n/w. Tlunv are a nninher of 
up- u. ml in« nnlls, ..a.h Ivpe hei.i, desiffi.ed r.,,- special wnrk. 
MilK lake linn’ nanu', imn, ,|u.i,. ,.,.„s, n.asinnnn 

M... ,.l i!„. 

t pin.liui, lliief d— .■riptiinis ,if a lew inip.irtant ivpes nf 

nulls ;irr i^iveu lH*hnv. 

The Bloowiag or Slabbing- Mill This mill is designed f.,r 
n.K-ts t.i l.l.ioms nr slahs. It may alsu he run as a hillet 
'"'I'- It enmmunly ennsisis nf twn large mils, .Iriven hv a re- 
versmg engme. and a series nf "live rnllers" f,.,- mnving ,he 
"teel. 1 he sueeessini, nf rnller extends from hath sides nf the 
"•>11 ••"lls in a hnriznntal plane. The rnllers are revnlve.I eul- 
leeliyely. P. ninve the steel in either ilireetinn. hv means nf a 
s.n,-.Il reversing engine. T!ie mill r.dls are nf east .steel, whieh 
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Mti.n.,, H. surnjjth t„ .|„l!ni. .a.i in,.., <.f which ...ust rolls 
f I'*' or chock, for 11 , c- .-oils ;n-c supported i„ 

.=c.a>. c.,., uou hoUMUKv. The upper ,„!1. with its chocks, is 
adnisl.d.lc t., the thickness of the piece <,f steel, 

A huKc hloo,u,„« uul! is d.owu i„ 1 m«. 7 ,. The roll housings 
are .It the iij 4 hi . 11 ,.! the piitiou h<iusiiij.s at the left in the lit,n.re, 

1 he lower of the two puuoi.s is jjeaie.l to the shaft of the enj-iiie 
<•> or wind, drires the ...ill. The pinions a,-e split, a.nl the 
!»., parts set so that the teeth are staKgei’ed, This ^;ives steadier 
motion to the nearinj; and diminishes sliock to tile teeth. 



n.e pinions air coupled with tlie rolls hy spindles with wol, 
hlers at !,oth ends. The mechanism of these cuuplin},js will he 
nndetsiood from the cross sections shinvn in h'ifj. ~ 2 . d'lie ends 
of the spindles and of the roll necks are cast in the form shown in 
the section to the left, ’I hree lohed wohhiers are also in use. 
hilt tills is ilie niost common form. The couplinjf 1ki\, .shown' 
also in cross, sect ion. is a heavy, steel eastitiK wliich fits loosely 
over the ttolihlers of the two memliers in line. In the union 
iluis made there is eoiisideratile play when the mill is reversed, 
i lie emis of the spindle vvliieh drives the upper roll are tapered 
so that they can work frerlv in the eouplinjj ho.ses when the 
roll is raised or lowereil. The lieariiiK for this spindle i.s sun 
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|hh-U‘«! tin brains whirh aro huiij^ from tlic pinion housini;' and 
the liiork of the upper roll, so that it follows llic spindle to any 
ani^le. 

I'lie upper rtjll tif the mill is adjusted by means of a hydraulic 
rack and pinion device ^eare<l to the lar^e screws which support 
the roll iiuH'ks, The scale and pointer for indicating’ the position 
<d' the roll are shown above the hydraulic cylinder. Rolls are 
aKo commonly set by motor alriven jLjaar, as shown in the mill 
behuv ( iM|4. 73 ). 

In renuem^ tlie si/e «n' tlie piece the [irc'ssure must be applied 
in tw«> tlireclions, so that the thickness both ways will be as de- 
sired. and the sides true. This is accom|)lislied by turnini^ the 
pici'e over between passes, or by employiujL^, in addition to the 
U'^uak horizontal mils, a pair of vertical rolls to act upon the 
piiH'e at the same time. In the former type of mill, mechanically 
opi^raled t liters are employed for tuniiui^ the work over, d'he 
latter type, employinj^' two sets of rolls, is known as the u)ih*crsal 

hitf- 7 ^ ilhistrates a tarf^w, universal plate mill and a jiorlion 
of tlu* train of jive rollers. In this mill both the vertical ami the 
hm'i/ontal mils are atljnsted by motor driven gear, parts of 
vvhieb are s en in the cut. hut the rolls are not visible. 

The Three-High Mill. I'his mill employs tltree horizontal rolls 
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in vertical line as sltown in Kig. 74, which represents the ar- 
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rangement of rolls in a rail mill. The end elevation to the right 
shows the directions in which the rolls turn. The mill is not 
reversed, but the piece, after passing between the middle and 
bottom rolls, is passed in the opposite direction between the 
middle and top rolls. The rolls are so cut as to give the 
proper openings for diminishing the cross-section and imparting 
the proper shape to the piece. This obviates the necessity of 
adjusting the rolls after each pass. Different sets of rolls are 
substituted for shapes that can not be rolled by the set in the 
stand. 

The three-high mill was invented by John Fritz, and first 
operated in 1857, at the Cambria Steel Works, Johnstown. It 
was offered as an improvement over the old-fashioned “pull- 
over” mill, which had two rolls, and not being reversible, neces- 
sitated the return of the metal idle after each pass. 

The Continuous Mill. — A very large percentage of the costs to 
manufacturers arises from the handling of material. The num- 
erous shapes now in demand require as many different kinds of 
rolls, and in most instances the metal must be carried from ihh 
blooming or billet mill to the finishing mills. Here the piece 
must be reheated to the rolling temperature, adding another seri- 
ous expense. The ideal in roiling mill practice is continuous 
rolling under the initial heat, not allowing the metal to stop in 
its course until finished. Continuous mills are now in use for 
manufacturing billets, rods, rails, angle-bars and other standard 
shapes. They consist of a series of rolls, working in pairs, and 
all driven by a single engine. Since the metal must travel faster 
in front of each pair of rolls, on account of the reduction in size, 
each pair of rolls must turn faster than the preceding pair to 
prevent the piece from buckling. “Flying shears,” an ingenious 
device for cutting the metal while in motion, in pieces of any 
length, may be used if sawing can be dispensed with. Aside 
from the savings above noted, and a saving in labor, the “crop 
ends” are less when continuous rolling is practiced. The con- 
tinuous mill can be made to pay only when there is a steady 
demand for the shapes which it is possible for it to make. The 
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iHi't itf iiistallaliuii is liij»h, tli<iuf»it the output is oori'csiHiiuliugly 
liiKli, 

Hammer Forging. 'I'he steam lianinier Itas supplauicil tlie 


n> •“ Htttm Mimiiier, (Allisiict Michiiw Co,) 

tiider forms. As seen from the illmstrutioii, Fig. 75, it consists 
of a steam cylinder mounted upon massive colimms, the piston 
roil carrying the hammer, and the anvil in position to receive 
the impact. 'I'he structure is seated upon a rnlihle iind concrete 


fouiuhilion. The havninernian, in opera! inj;' the steam \ahe, lue^ 
such complete control of the machine tiiat he i*an catise flu* ham 
mer to exert a pressure of a tew pounds upon the wiU’k or ttt 
strike a blow of many tons. The rapidity oi the hhnvs can aKo 
be rej>*ulaled as desired. 

Press Forging’. 'The forcing of metal by contimuais pri'ssma* 
differs from rollin^i^ in tliat the pressure is exerted o\ef a 
larg’er area. It diffvrs from hammering- in the same respeii 
and in tliat there is no sudden impati. The press is now used 
for heavy forging, es])ecially in the manutacture ot arm«>r plates. 
1 lydraiilic jiresscs are tlu^ most satistactory, the pressma* e;, lifi 
ders being made from solid steel I’astings. A pressure ot se\eral 
tons per S(juare inch is exerted. 

( )f the three methods of forging iron and steel, rolling bs 
far the cheapest and ino.st rapid. Ilammered forgings are 
superior to rolled, bting more com])act and less liabU* ti> er)s 
talliue structure. 'Phere are many shapes which can not In* 
formed between rolls, and f(5r forgings of irregtilar shapi**- tlu* 
hammer is indispensable. Still more compactness and uniloiinitv 
of structure is gained in press forging, siiu’e tlu* pressure i*. 
exerted more slowly aiul upon a larger bulk td' metal. 

In all forging operations the foree of the pia'ssure or impaet 
should be sufficient to take effect with llu' particU's td‘ tla* inte 
rior of the piece as well as those of the exti’rior. If iusutii 
eient foree is use<l, as by employing too light a hammer, tli * 
effect will be shown at the edge of the jdcee. 'Phis will appxir 
concave, indicating that the interior of the piece has \ui\ le*rn 
extended as much as the exterior. The failure of fttrgiiigs lias 
often been aserihial to this .uiuajual working of the m dak 

Eeheating.' When a piece of steel is heated it begins tti retlden 
at about 400^’ CA As the tunperature is raised bright redness 
develops, a further rise giving orange and yellow, and toward 
the ])oiiit of fusion the color changes to almost whiteness. The 
temperature of the steel in the heating furnace is eomuumly esti 
mated hy the color as seen with the naked eye, but in careful 
work a iiyrometer is emi)loye<l If llie steel is heated at a eon 



slant rati* its rise in tcinpcraturc will Ik* ])raotii'ally nnifonn 
r\iT|»t at tlirii’ points, which may he cletcnuiucil hy ai<l of a 
pynnurtrr, winre the rise is nunuentarily arrested. As indicated 
Uy a temperatnre recorder there are three la|j[s in the curve. 
These {HH'ur respectively at luar ytui , yur and C\, varyini^’ 
-^oinruhat with ditierent kinds of steel. 1'his phenomena is due 
lt> chani^is which the comhined carbon and iron undergo and is 
kuttwn as / i*ca/c.vc«*//cc. 'I'he recalescent ])oints are otherwise 
known as critii'al temperat tires. The i'hanges are reversed when 
steii is i'oolid umlei* uniform conditions through the critical 
rauKc. am! since llie transformations are in this instance exo* 
tlu*rmic, they are iiuiicated hy jogs in the curve. 1'his phenomena 
o! itHiling is known as ilrcahw'i'rtn'v. The decalesi*ent points are 
slightly lower than the eorrespomliug recalescent ])oints. Steel 
is most plastii* when healetl to the temperature of reealescence, 
ami therefitre, in tlie best eouditiuu for forging. At a higher 
temperature, approaching the melting point, the steel jiasses into 
tiie gramtlar or brittle state. This explains why ingots or any 
pieces tit he forged slaatld he thoroughly soaked in tlic heating 
furnace. The htaviesl work should he done upon the metal wdiile 
it is near the upper limit of the critical range, the light, rmishing 
work being done while it is eooling below the low’est transfonua' 
lion temperature. 

\\ Idle reheating iron or steel fur forging it should he shielded 
fnnn the air. If exposetl to {ixidation redshortness may result 
in achlition to tlie injury <d aelual hurning. 'Pliese evils are 
avoided by maintaining a neutral or reducing atnu>s]>here in the 
furnace. Ati excessive amount of fuel is used, wdiich gives a 
smoky flame in the heating ehatnlier. 

Idle modern reheating furnace is tired with gas, and is of the 
fi verberatorv type, liillets are heated in a long, narrow ehamher 
tliroiigli wliiili tlie flame passes, d'hey are introduced at the 
fine end ami advanced in sueeession toward the tire end from 
whicli tliey are tlisehnrge<l the operation being eontitnunis. Hy 
this mcllKitl of heating the billets are raised gradually to the 
ftirging temperature, atnl all are exposed to the same conditions. 
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Annealing- and Tempering*. I'lu- word iciujuT, as applii-d \n 
steel, denotes degree of hardness. It is unfortunately usetl in \\\i> 
senses. With the steel maker it often refers to diheri*nt steels 
containing varying amounts of carbon, the hardi-niug ek*ment. 
while the steel worker uses the .same term in referring to the 
hardness of the same steel under differt-nt treatment, alfeeting tin* 
hardness. Carbon has the property, more than au} other ideimait, 
of imparting dirferetit degrees of haialness, tenacity, i-te., under 
different conditions of heat treatment, 'fempering, as here dis 
cussed, refers especially to the heat treatment of iron containing 
carbon. It is a subject that has directed attention from v‘er\ 
remote times, and it is still an important otic for experiment am! 
research. 

The hardness of steel containing less than 0.25 pi-r et-nt. of 
carbon is not greatly altered under different eotnlitioiis t»f eu<d 
ing. The effect of heat treatment is most marke<l in steels i*on 
taining from o.So to 1.25 ])cr cent, of carhtju. Such steels, tliough 
relatively very hard, still retain some toughness and nmlleahihf) 
when slowly cooled from the critical temperature. If 4'ooled 
suddenly they become e.\cee<lingly hanl and brittle, the hardest 
steels often cracking from internal stresses. 'Phe jn’operties of 
steel are, therefore, affected by the rate of cooling and the dura 
tion of the heatiug. A prolonged lieatiug or toughening pr I HH’ss 
is known as anncali)i(/, and a rapid cooling or hardening proet‘ss 
is qiuvuiiifu/. Steel to be annealed may be kept in the furnace in 
whicli it was heated, the tem])erature being slowly tliminished. 
cooled in the air, or surrounde<l and cooled in lime, i'hareoal or 
other material of low heat eonduetivity. In ((nenehing tlie healed 
steel is commonly plunged nmler watir or oil. 

One t)ther point is to he consi<lered In adjustitjg the temper 
of steel. Due regard has not only to 1)C paid to the amount i>f 
carbon in the steel and to the rate of cooling, hut also to the 
temperature from which the ])ieee is eended. The range of tern 
peratures from which steel is (lueiiehed for the temper desired 
is between 220" and 350" the lowest temperature yielding the 
hardest .steel. The common practice is to heat the liardened 
steel somewhat above the maximum temperature and to quench 
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a! ilu’ tif If the surfat'c of the pieta^ ho 

hn,i4hti’nril \hv ohaniios of touiporaturo will ho indioatod hy tho 
ohaii.io-^ of dm* to iihus of oxide, d'hou^i;!! iU)t always 

HO etanetui'nl. htiior results may he ohtaiiusl hy raisin^^' tho 
*aool io flu* pti^HM' temperature. iustoa<l of t(j a hiji^hor temperature 
and etHflim* tfoum In i'arofttl wtuiv the piooos to ht* tomporo<l 
.ire heated ut a hath of oil or load, the temperature <d‘ which is 
ri’i'ulaied h\ aid of a thermometer. In the table Ik‘ 1 ow are 
Htww the approximate temperatures and their characteristic 
ioltu*- ahiive iiuiitioned, 

UrK t Color 

Vfllow i^hanh’.Ht temper) 

-.V ‘ Hrowii 

bight blue 

CV* J).irk blue Isot’test tempt'r) 

The Development of Surface Hardness Case Hardening. By 
the piaiccss known as case hardening the surface ouly of a piece 
ii'oii is liardened with earhou, while the interior is soft and 
tough. The piece is tinislietl in soft steel, which is then packed 
with nitrogenous, organii' material iu an iron hox and healed 
f<»r some time at redness. ’I'he materials eommonly used are 
clippings of lioof, leatlier, aiul hone aiul cyanide of potassium, t )n 
heating, a dost met i\e tlistillation takes place, and the carbon 
muei's the iron by cementation. ,\s the workman removes the 
piet'e from llie box be drops it immediately into a tjuenching 
bpuitk being ixueful to shield it from the air to prevent oxida 
lion. Hy skilful manipuiation, however, a beautiful mottled 
appearance may be secured fnau short, umsjual exposure. Some 
parts of ligfit machinery, ami of lirearms, which should be 
lougli, am! at the same time hatal on the surface, are ease hard 
enet!, 

A process, similar la case hanlening in princijile, is in use on 
the large scale ft»r improving armor plates. In this eotmlry 
it is known from tlie name of its inventor as tlie Harvey jiroeess, 
or as " 1 lar\ eyi/ing ” Two plates are placed one upon the 
i*ther in a reheating furnace, a layer of charcoal being packed 
between so that it comes in contact with the surfaces to be 
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hardened, These surfaces are (jiienched with water after the 
plates have been taken from the furnace, krupp’s method is 
similar to this, except that hydrocarbon ,t^ases are led between 
the plates, the ^e^ases depositinj^ carbon at the temperature re 
([uired for cementation. 

TESTING STEEL 

In no Inainch of metalhire:’y are science and industry nuna* 
closely linked than in the examination into and <Ievelo]>ment nt 
the properties of steel. More than half a ccmturv of exhaust i\e 
research, in which many of the world’s foremost scientists have 
l;)een en^’a^e^ed, has not only brou|L»iit out the facts abtmt the 
])roperties of steel and how tliey are a fleeted, Init it has ako 
furni.shed or ])erfected the. means of ineasurin,i»' or testini*' thesi* 
properties. Rect)^4'ni7,in,i^^ the importance of .scientillc tests, pre 
gressive manufacturers have added well apjxiinted testiui;^ {lepart 
ments to their .steel ])lants, and in.stead of the coin mititmal 
chemical laboratory are now to l)e found institutions eijuip]>esl 
with api)aratus for the complete investigation into tlie prn|)erties 
of steel and steel works materials. I'he testing of steel ser\i*s 
a twofold ])urpose. It enables the producer to control the prt»e 
ess by which the steel is made and treated, and to the eonsmuir 
it gives directly, and in many cases ([uantitatively, the pnjperties 
or si)ecilic data concerning the properties of the steel. 

The steel tests of greatest commercial importance arc those 
which determine its tensile .strength, elastic limit ami tt)ttghness. 
Tc.sts are fre([uently made for hardness, malleability, crushing 
strength and endurance, and beside.s, many tests for .special pur 
poses. 

Specifications.- 'Phe International A.ssociation for IVsting Ma 

terials lias for its aim the perfection of methods for testing steel 
and the determination of the re([uirements that .should he made 
of the different grades of steel for all im])ortant work. 'Pile 
American and foreign .speciPications dilTer somewliat, though 
the effort is lieing made to have standards adopted which will 
lie accepted in all countries, v^pecifications are intended to cover 
the modes of mamifacture, physical ])ro])erties, com])osilion, Pm- 



MHTAi.i.rKr.v 

if'liiu}', Ifsiiiifi', hr;iiiiliiif' aiul iiispciiiiio- (h.- sUvl 'I'h . • 




I’iHUHh }.r? ynnt r^ti) 


5<» tt> fju 
6 1 ii> 

7 1 t « c Kt I 
Hi to i^u 

to 1 «KI 


n.40.n.5t> 
‘'■5i 5 

«‘.5S <».7Jf 

0 . <*, 7 «; 


CoMPoSlTKfN. 

UH 

o.<»4 <»r If.ss 
“•*‘4 i>r IfHs 
0.04 or Icj-s 
or U*ss 
or lfs« 


l*'<>r v:u-l! (itvn-asa .if ,,er oc-iit. 

per renl. pli(ispli<,riis. an iiu-roaso 

accepted. 


Silit'nn 

Mimj.'jmf.sf 

0.20 or loss 
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IIic rails sliall he plaee<! iiea<l upwards on the supports, and 
le \at lulls seeliuns shall he suhjeeted tu the followiiif; hnpaet 
tests under a free falling weight; ^ 


Wrighi nf riiit i»«*r 
y«f<C 

to C10. . , 
fil to 7to . . 
71 l« Ho. . . . 
Hi |o c|o, . , , 
91 to IlMI. . , , 


nci^hU)f drop 
J5 

... 16 

... 16 

... 17 

.. 18 


if any rail hreahs when suhjeeted to the drop test, two addi- 
tional tests will he made from the same heat of steel, and if 
either of these latter tests fails, all the rails of the heat whirl, 
they represent will he rejevted; hut if hotli of these additional 
test pieees meet with the re,|uiremeuts all the rails of the Iieat 
which they represent will he aeeeiiled. 

I he drop testing inaehiiie shall have a tu], of j,(K)o Ihs. weight 
the striking face of which shall have a radius of not more than’ 
5 ms,, and the test rail shall he placed head upwards on solid 

ID 
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wSiipports 3 ft. apart. "Phc anvil block shall wei^li at least 2 t>,n. lo 
lbs., and the supports shall be i)art of, or iinnly secured to, the 
anvil. The report of the drop test shall stale the atinospherit* 
temperature at the time the lest was made. The temperature 
of the test pieces shall be not less than bo" h\ or j^reater tliaii 
120 °.” 
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COPPER ORES, PROPERTIES, ETC. 

Historical. Cttppcr was (lu* best known anti the most ahun- 
tlant the metals before the a|4:e of iron. Reeonls show that 
it was luannfaetnretl and used in the remotest times. Numer' 
{)Us ^peeimens <»f etjpper utensils aiul ornaments have been pre- 
serveti, many ot which are known to l>e thousands of years old. 
Ancient to<ds were ma<le <d copper, it bein^ hardenecl by the 
preseiice of some impurity, pn^bahly oxyj.^en. It was also ejn» 
ployed by tlie ancients in alloys of brass and bronze. Perhaps the 
chief Use cd’ copper was iit this capacity until electricity becante 
known. 

ORES 

Native Copper occurs in many localities in small (juanlities, 
ttsually associated with other eopper ores. 'Plte famous Lake 
Suj lerior deposit, which is worked chietly in Michij^an, is the 
only one of meta!lur|>ical signitieanee. It was the chief source 
of copper in this emnitry until the W'estern mines became .so 
productive. The lake ore is disseminated through silicious rock 
from which it is separated by stampiitg. t)ftett large masses of 
timgli nuia! are encountered, making tlie mining dilbcnlt. 

Chalcopyrite tiht.S. Fe.Sj is a widely distributed and very 
important f»re of eopper. It ecanmojily oeenrs in silicious ami 
other iTysialline rocks, ami is rarely ever pure. 'I'he ratio of 
the iron to the copper is quite variable. Lea«l, zittc, nickel atul 
the precious metals are sometimes associatetl with chalcopyrite. 
The Copper dejMisits <if the New iMtgland and Middle Atlantic 
Stales consist largely of ehaleopvrite as do those of the Rocky 
and Sierra Nevada Moitntains. 

Chalcooite tiht-^Sh otherwise known as copper glance, is an ex- 
ceedingly ricli ore when pure, tlnnigh it is usually tnixed with 
oilier sniphitles. It is commonly met witli in the Montana 
mines, and it is now regarded as die most abundant ore of cop- 
per. ilialcttcile is tlie original ore from whieli tlie others are 
tleri\-ei!. 
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Tetrahedrite, (CuoS, Zik^, As^S. ) 

is rarely ever a valuable ore of copper, thoU|i;'h it often contains 
enough silver to pay for its treatment. It is sometimes an ob 
jectionable ingredient of other ores on account of the arsenic, 
antimony, etc. it contains. 'I'he more valuable occurrences of 
this ore are in Colorado. 

Malachite, (CuC( ).„ Cu()IL) is relatively an unimportant ore, 
though a very valuable one when sufliciently pure. It is coni’ 
moil in Arizona and New Mexico. 

Cuprite and Melaconite, the oxides of co])per, occur as pro 
ducts of the natural decomposition of sulphide ores, tin nigh in 
hut small quantities, 'J'he most remarkahle oeeurrenees are in 
Virginia, North Carolina and 'rennessee. 

The leading cojiper-prodiicing slates are Ariztnia, Mcnitana* 
Michigan and Utah. It is mined in almost every state of the 
West, and in many of the Eastern and Southern states, notahly 
'rennessee and Virginia. 

PROPERTIES 

Pure Copper.— AVith hut one exception, copper is the only 
metal with a distinct color, 'riie fractured .surface is pinkish- 
red, and a somewhat lighter color is developed when the sur-- 
face is jioli.shcd. 'Die specilie gravity is S.tgpc;, aceortling to 
llampe. f lwing to the porosity of commercial copper the 
specific gravity varies from S.2 to 8.5. Copper ranks amcaig 
the softer metals; it is exceedingly tougli and tenacious, highly 
malleable and ductile, 'riiese properties may he illustraletl in 
this way— a vessel of the shape desired and with very tliiii walls 
may he hammered from a solid block of tlie cold metal; a bar 
of iron plated with copper and drawn into a fine wire, is still 
coated with the red metal. 'JTe melting point of copper is 
^oHijA C. When molten it appears sea-greem Just before reach- 
ing the fusion jjoint copper is so brittle that it may be pcnvdercfl, 
While in the liejuid state it will al)sorb most gases except caiinm 
dioxide. llam])e .states that with hydrocarbon gases only tlie 
hydrogen is absorbed, the carbon being liberated Upon solidi- 
fication the gases are released For this reason sound ecjppcr 
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i*a>tin^s fan not \)v luatif tiulfss tlu* operation !)e carried on in an 
atmosphere of earhon tiioxide, or unless some substance is added 
to (U*oxidi/e or to hold the j^'as in solnti<}n. Magnesium heini^’ a 
powertul det^xitli/.er, may be usetl for this purpose. Iloron t>r 
boron suboxide, added to the mellin);»' pot or to the copjjcr after 
it is melted, will protluce s(»un<i castinj^^s ( W'eintraub's metlnul )' 

t tne of the most usefttl properties cd* cop|)er is its electric con- 
dttcti\ity, which is excelled only by that of silver. (.\^pper dif- 
fuses readily with mt^sl td the common metals. Its alloys are 
numerous ami widely usetl. 

Effect of Impurities, d'he properties of copper are greatly al- 
tered by the presence of foreij^n elements, some renderini^* it 
tfuite unlit for certain purposes even when pre.sent iit minute 
quantities, t U the more important impurities that have to he 
dealt until are hisnmtlu arsenic, antimony, silicon, sulphur, phos- 
phorus aiul <ixyi»en. 

fUstnuth has been termed the copper maker’s worst enemy, 
<»n aecount of its deleterious etleets and the ilitlieulty of eliminate 
ini^ it. 1'he preseuee of latt 0.05 per cent, of this element ren- 
tiers the metal htUh red-slmrt and eold-sliort. h'xtreme brittle” 
ncs^ is tlevehiped in etipper containing more than o. to per cent, 
of bismuth. 

vInv/iiV is the most ohjeetionahle impurity in conductivity 
ctjpper. 'I'his property is greatly diininislied if hut a few 
Immlretlths of a per cent, of arsenic he present. The metal may 
he readily worked, however, if as muefi as 0.50 per cent, he pres« 
enl. A small amount of arsenic is said to increase the tensile 
strcngtli tif copper, 

AHhiiuniy has a similar efTeet to that of arsenic. Its effect 
seems to be less pronounced wdth very small iiroportions, while 
witli t|uaiitities exceeding 0.50 per cent, tlu* effect is more marked 
than with that of an equal amount of arsenic. 

Siliam lowers the conductivity of copper wlten as much as 
0.50 per cent, is present, dliree per cent, does not scriou.sly 
impair the timghness and malleability. Larger jwoportions pro- 
* llniss Werld, vill, 355, 



(luce brittleness. Silicon is always to be ioinul in unrefined 
copper. 

Sulphur is usually present in unrelined copper. It lo\vt‘rs 
the malleability, as much as 0.50 per cent, causing- cold .diort 
ness. 

Phosphorus is not often ])resent in sufficient c[tiantity to in 
jure the ])r()perties of copper. Ked-shorlness de\'elops with as 
much as 0.50 per cent, of pho.sphorus. 

Oxygen is always present. In small ([uantities it may be dis 
regarded entirely. With increasing amounts above one per cem. 
the copper l)ecomes harder and ilnally unworkabU*. 

Compounds and Reactions Especially Useful in the Study of the 
Metallurgy of Copper.- Two o.xides of eo]»per are known 
— cuprous oxide (CuJ)) and entprie oxide both of 

these comixninds are formed wlien cop]>er is heated in oxygen, 
the latter being the ultimate product of oxidation, 'bbe liigher 
oxide is reduced to the lower wdien heated with uietallii* copper. 
Cu])rous oxide is readily dissolved in all proportions by molten 
copiier. Both oxides are reducible by carbon and both are solu- 
l)le in mineral acids. 

'Phere arc two sulidudes of cojjper, analogous to the oxides, 
Cu])ric .sulphide (CiuS) is the form in whicli the metal is gen 
erally comlnned in its ores. One-half of this sulphur is e\tdve<l 
at a moderately high temperature, .so that roasted ore contains 
cuprous .sulphide ( Cu,v's). Upon further heating in an oxidizing 
atmo.s])here cuprous sulidn’de is ])artially converted into the 
oxides, which in turn react with the .suljihide, liberating copper 
and suliihnr dioxide. Under certain eondilions cuprous sulphide 
is changed by roasting to the .sulphate. When roasted with salt 
cu])rous and cupric chlorides are formed. 

Silica reacts readily with cuprous oxide at furnace tempera* 
tures, forming a licjuid slag, hrom cuprous silicate copper may 
he reduced by carixni, and cutirous oxide tnay lie set free by the 
.substitution of a stronger ])a.se such as ferrous oxide or lime. 

Co|)per is preci])itated from a(|ueous .solutions of its sails by 
iron, aluminum and zinc, and by the eleetrit' eitrrenl. 



PKKLmiNARY TREATMENT OF COPPER ORES 


In an r\hau>ti\t* study of the ennoent ration of eo])|K‘r ores 
|«iaetteally all iWv tiressiuj; luetluuls would he eonsidered. d'he 
roasU!J|4 prtHH-H'-, only, is diseussed here, since other methods 
are tlescrihet! in Chapter \ 1 . Roasting; ht*ars a most vital rida- 
tioit the ^nieltinj4 ptmeess, and the principles which ^'overn 
!oastin|4 should he candnlly studie<l. It is not practicable to 
scp.iiate coppfr trtJin the ore by a sinjLjle operation. There is 
UNttally a larj^t' anmnnt of sulphur t<t be eliminated, ami tlie large 
e\i'cv> o! mineral matter present wouhl yiehl an overwhelming 
«|nantity <d’ *-Iag to entangle the metal. The usual practice is 
to hist loa^t the oie, thereby getting ri<l of a large part of tiie 
^ttlphur and other \olatile matter, ami then to fuse the ore under 
]troper comluuius. when the heavier, metal hearing portion sepa- 
latc-^ fitan the barren gangue by gravity. d'his concetttrated 
matei iai is a mi\ttne of Ci^pper an<l iron sulpluhles aitd is known 
a*- iihttft' tir oy/a/a.v. \ cimeeutrate in which the sulphur is re- 
plai'ed by ai'^cnic is calle<l a .v/^c/Tv, Matte is fitrther treated by 
fusion in ajt <«\itli/ijig attnosphere, the itaat being <>xidized first 
ami fluxed out by means of siliea, leaving the enric'hod sulphide 
of i opper, d'bis is kutnvu as hluc tnditi if it still contains a <*ou 
'“•iderable amt»tmt of iri»u and a!)oul t »5 eeiit. of copper. 
White metei is almost pttre eupianis sulphide, ami contains 75 
per cc’iiu, or more, of copper. Tpon ftirtlier fttsi<Hi in an oxidi/. 
ing atinospliere metallic copper is oblaiuetl. 

The toasting and snudtittg cd copper ores depend ttpon two 
imporiant principles; mt. that eopper has a stronger affniity for 
^tilphur than the other tnetals assoeiated with it have, therefore, 
it oxidizes less readily in the roasting; jmh that etiprous tmicle 
and cuprous sulphitle react upott each other at the high tem- 
perature of the smelting furnace witli the evolution of sul]dmr 
dioxide’ amt the lilHuation of metalHe copper. 

Htap Rotstiiif. This is the elteapest way in which ores are 
roasted. It retfuires the least amount of fuel ami the minimum 
e\|ieiidilme of lalnir, hut it is not atlaptahle to all ores ami is 
open !o several olijectious. The tu'e must he fiir the most part 
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ill lump form, and should contain al least 15 per cent, ol >ul 
pliur. With ores lower in sulphur it is neee>sar\ to mix iui‘l 
ihriiuoh the heap to produce the nec‘essary amount of heat, 
Wdiile heap roastini^’ may he very elhcitait, it re([uires ipeaf t air 
l)oth in tlie d)uihlin<^' a,ud lirini;' of a hea{> to turn out a pi oduet 
that is up to ])resent day retjuirements. Tlie conseqiuaici'N 
of setting- free so much sulphurous aci<l ari* to he ciuisitlincd. 
in many places the practice is prohihiled hy law. 

The site for the operation slumld he sheltered fiian the v\intiH, 
which would cause uneven burning. .\ spot is generally i-ho'.en 
whicli is large enoiigli to accommodate a numher of heajj%. The 
heap is liuilt upon a foundation of rock or shag. Tlu* dimetedoiiH 
of a heaj) are determinetl large. y hy the character of tlu* ore. 
According to Peters a heap 2g hy .jo feet at the base and feet 
high contains aliout 240 tons of ordinary ore. In huihling a 
heap a layer of wood is lirst placed for kindling the tna*. Se\ 
eral chimneys are set up along the middle line of the fmmdation, 
and canals are left in the layer of wood lemlmg from the ehiui 
ncys to the outside. This is <lone to facilitate the combustion 
of the ore hy creating a draft and drawing air into the heap. 
The large lumps of ore are placed Ujxm the wood, and the heap 
is finished with snaaller lumps and covered with fnu' ore. \ 
portion of the lop and a space around the bottom are left tmco\ 
ered so that the heap will be open enough for the circulation of 
air. ' 

'I'he heap may he fired at the outer opeuings iT the canals, m* 
in the chimneys. The aim is to elTect a uniform kimlling of 
the entire mass. During tlte lirst twenty four hours of the httrii 
ing the products of distillation from the wood are driven oti* 
with some sulpluir, iirodueing e.xeeedingly foul odors. After 
the wood has lieen consumed the sulphur heconu’s the fuel and 
the conihustion eontiuues. 'Phe surface of the heap is tvxaiuiiirti 
at intervals for indications of local overheating. This is sliown 
hy the fumes, which issue from every opeuing, heeoming thin 
ner and rising more rapidly. The condition is hnnight about ttv 
too free a draft, leading to excessive combustion, ami may re 
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>u!t in actual tusinn (it the partially oxiilizvid ore. The com™ 
hU'UiiHi is cliecketl in surli eases by tliro\vin<^’ c)U some fine ore. 
In ease the etunbustinn is too imieh retarded at any [ioint vents 
are made in the eoverin;^’ to admit air. '.I'lie time required for 
fo.islinit a iu‘ap nt the above dimensions is about 70 days, depend- 
ing upon the eomposiiion (if the ore and the weathir. 

Stall Roasting, ^stalls are partial enclo.sures in which the 
ore is protected Irom the wind while burning. The common 
iurm is rectangular, three of the sides being permanent masonry. 
I'lie floor is [ia\ed and the tot) is left open. A number of stalls 
are built atljact'iU. with the openings on tlie same side, an ar- 
rangement \vhi(di facilittiles the handling cif the ore. h\^r the 
httilding material eitlier brick or stone is used. Stall roasting 
may lie (•ousidered a step toward furnace roasting, though no 
more ad\antage can he claitned for llie practice than that of 
roasting in heaps so far as the quality of the product is con- 
eeriH'tl. Stalls have not been favored in this country. 

Furnace Roasting.* 1 'he largest {iroportion of ore by far is 
now njusted in fttrnaces. All classes of ores may l)e roasted 
more (aiuipletely and in the manner desired in furnaces. Many 
styles tif fnrtiaees are in u.se, each kind being chosen for the 
particular grade or (jualitv of ore to he treated, 'fhe ore must 
in ai! canes be in the pulverulent form. Rock breakers arc used 
for crushing the large lum])s and the liner crushing is done in 
stamp and roller mills. A description of crushing machinery is 
giveti in rha|)ter \ \, The furnaces in use for roasting ores 
may he classed as hand reverberatory, mechanical reverberatory 
and nliaft fn maces. 

Hand kau^rht*rat{>ry hUinianw'. Tins style of furnace is alter- 
ec! to suit dilTerent gra<les of ore. 'I'he e.ssential parts are the 
Hat hearth ftn* reeeiving the charge; the grate, which is separat- 
ed {nnn the heartlt hy a bridge wall ; the side working doors, 
gi\ ing rea<iy access to the hcartli ; the low, arched roof, con- 
structetl so as to rcllecl heat upon the hearth, and the tall flue. 
The fiuaiace is commonly constructed with two or more hearths 
at (iitTerent levels, the ore being raked from one down upon the 
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other, or the hearth is elongated on the same level for several 
times its width as shown in Fig. 76. 

In the operation of this furnace the ore is charged on the 
upper hearth, or at the end farthest from the grate, and is raked 
successively to the hearths or portions of the hearth nearer the 
grate. The temperature of the roasting is therefore gradually 
raised, since the portion of the hearth nearest the grate is the 
hottest. The ore is left on the last hearth until it is roasted 
''dead,” and then drawn. A furnace with two or three hearths 
is preferred for ores containing more than 10 per cent, of sul- 
phur, and if the sulphur content exceeds 20 per cent, the four 
hearth furnace is found most satisfactory. The advantage of 
the long hearth lies both in economy and effectiveness of roast- 
ing, as may be understood from what has been said about roast- 
ing. If ore rich in sulphur is charged upon a hearth that is 
hot enough to kindle it, the ore roasts of itself, and the neces- 
sary heat is generated by the burning sulphur. 

Mechanical Furnaces . — The cost of operating the hand re- 
verberatory furnace is rather high on account of the labor re- 
quired. The labor of moving the ore on the hearth and of dis- 
charging it from the furnace is dispensed with by the use of 
power-driven stirrers or furnaces which are rotated mechanically. 

The Bruckner and the White-Howell furnaces are common 
representatives of the rotating type. They consist of brick-lined 
cylinders, mounted upon friction rollers between a fire-place and 
flue. The cylinders are slowly revolved while an oxidizing 
flame passes into them, coming into intimate contact with the 
constantly moving ore. The Bruckner furnace is charged from 
hoppers supported directly over the cylinder, the ore being 
charged and removed intermittently through manholes in the side 
of the cylinder. At some plants a number of furnaces are oper- 
ated in line, and the fire-box is carried on a truck which runs on 
a track at right angles to the axes of the cylinders. After ignit- 
ing the ore in one cylinder the fire-box is moved to another, 
leaving a free access of air to continue the roasting of the ignited 


ore. 




In the White 1 Inw'cll type of roaster iIk* i*\hu<ler is slii^litls 
ineliiied towanl the lire 1 k)\. Tlie <»re is led in auli>nial ii’all\ at 
the line en<l, and ruKaiieed towaial tlu* tire !hi\ hy llu* nioficai 
the evlinder. The roasted ore tirops helneeii llu* end of the 
eylinder and the tire l)o\ into a vanll. 

The MeMon^'all h'urnaee ( h*i|;'. 77^ iin}iro\t‘d torm of 

roaster of tlu* shaft tyfie. It has a wide adaplahilitv in the fia^al 
nient of dilTerent kinds of ore. I'Aternally the furnaei’ eonsi>ts 

Ife » f, Mr'- { ♦ . f 
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of a Steel plate shell with a east iron hottoni, ancl it is nsnally 
sujiporled on steel eolmnus. Attaehed to the metal work are an 
automatic feed hopper and flue at the t(»p and a disehar|»e hopper 
and drivinfif meehanism at the hottcan. 1'he furnace is tlnekl\ 
line<l with brick, and from the walls, at inteiuaK of alHHit three 
feet, are spntnj^' flat arelies which form the roastinir hearths. 
ne|^duniuj>^ at the uppermost, there are alternately central ami 



j:t m.m h<;n 




P''!!’!'*''''! thn.u,yh ilu- licartlis wliioh ponuil the .nv t<, 

P..- .h.uuuanl ;.u,l the ,;;a.ses t., pass apwanl. A verlieal shaft 
111 the niiiMle ii| the hiniaee, etirrviii};- two (ir more 

l•‘^■.rth. Cast inn, shoes are atlaehe.l 
l'> the aims an.l sit at Mieh anj^les tlijn they move the ore toward 
the opinmit^x 1 In. ,in,j,s f,-,,,,, 1 ,,^, jicarlh to another :md 
imallx mto the hopper from the hoitom hearlli. and from 
lln^ ,t ts lo.ided into ears. The reroh inj.- shaft and arms are pnn 
leetid ti.im oveiiieahn^ liy a water or air eoolino deviee. If 
tlie> are to he ttsid in eoimeetion with tile reeovery of stilphur 
dioside ami the m.-mntaelm-e ,d’ stilphurie aeid .Mel toutfall fur- 
nai’t N air latJAiiini with niufllr hrartlis. 

Aj^l^lomeration of Finen. Lar^v quanlitirs of finrly divided 
orr ruiH'rotratrs and hlasi funiarr dust arr produrod/aiid surli 
Hiairnal i. -rurrallv im]tn.vrd f.»r sturltiiiK’ purposes hv some 
l‘J;*lntnuarv treatuirm. It may he .suitable, from the s(ai’ulp(nnt 
‘d rumpiKitinu. hut is physirally unlit for blast furnaee smelting*, 
i'ines luay be aKKl‘»iiH-rated by (me u{ the methods described on 
pp. Sh SS, j, I he siuterin^L,^ proet‘ss is in most ^^’eiuu’.al use. 

Chemistry of Roasting. The principal reactions which take 
plai’c wlien iaipjKT (»res are n»asted may be represented thus: 
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Xo elai.or.ile oi esa.-i iiifonmitioii has heeii Ktilhered eoveriiif^ 
the many eltaiiKi's whieh take plaee from the time the ore is 
rhaiyjed tmfil it is w ilhdniwii from the furnaee. thoiiKdi some 
\ery valualde d.ila htt'i heeii ohitiined from the analvsis of the 
ore at diflerent stajfes of the operation. Iron pyrites is the lir.sl 
eonipound to ^ive off sulphur, (.’uprie sulphide also deeompo.se.s 
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at a comparatively low temperature, giving up one atom of its 
sulphur and yielding cuprous sulphide. With an increase in 
temperature the monosulphide of iron is converted into the 
protoxide. This is either oxidized immediately to the higher 
form or combined with any acid present. The formation of sul- 
phuric anhydride is believed to be due to the catalytic action of 
silica or other inert material in the ore with sulphur dioxide and 
oxygen. The sulphate of iron is formed in considerable quan- 
tity if the temperature is not too high. This is largely decom- 
posed by cuprous oxide, copper sulphate resulting. It will be 
seen that the roasting and each succeeding operation in the 
smelting process depend largely upon the basic properties of 
copper. Having superior affinity for sulphur, it remains in 
combination with this element as the iron is l)eing oxidized, and 
being fusible in this form, it is readily separated from the 
gangue or slag by gravity during the smelting process. 



CW.WTEH XIX 


COPPER SMELTING 

Tupp/r NiurltiJiii tnihraiH's all operations in whieli metallic cop 
per or a CHiu’cntrate is rta'overetl in the fnstal state. A smelt iui4 
procfss ipmeraily iiu'linles sevtn'al operations, l)t‘|^'imiin|4’ with tlu' 
fuhnn nf the roasted nrv or mixture of ores, the product of the 
first operation InnujLj a matte, and ending;' with the oxidizinf» 
fusion id tuattix tlu' product of the last operation hein^^' unre 
tlnrii cop]>er. d‘he sattte .general principles obtain in all processes 
id' snudtiti^ sulphide cjres, tliough the different processes with 
theit technit'a! iletails make the stihject of cop|)er smelting ex - 
ceeiliti,ul\ iitlricaie. l‘‘or the Ci)nvenience of the student the 
priH'csses tlescriljcd are distin^tushed as reverberatory and blast 
ftirnai'c stnehin^n the latter heini^ further divided into coke or 
cujHila anil pyritii* smeltitiji*. This classiiica'tion serves to em* 
phasi/e the essential ditVerenees in praeliee, though it is to he 
unilersloiui that no sueh sharp divisions exist in the eopper 
smeitin|4 iitdustrw Matty proeesses are so eotidueled as to ettt 
htnly lertutreH of all the differettt elasses. 

REVERBEHATORY SMELTING. 

This prtH'ess w.as ilevelopetl in haij^land and WaUvs, and has 
tuMleruune but few ittt[H»rtanl ehan|4es. 1 ( is still in eominon list' 
am! i^ mote adaptable to s<»me grades itf ore than any other. 
Kb.w erlH-ratorv smehin |4 eemsists (d* a series <d" fusions and roast 
in|4’s eaelt toasting eliminating sulphur aud eacT fusimi separat 
ing matU’ iti a ttaii’e coiieent rated fttnu. 

Fuiiou for Matte, i*'or this operation a large revt rheratory 
furitai’e is usiat. A reeently built furnaee for matting eoppi*r 
ores is sluiwn in phut aud eUwatiou in h'igs. /K ami yq. 'The 
walls <d' file furnaee are of re<l hriek and the linittg is of tire 
brick, ddie lu'ii'k work is held together liy steel rails and lie 
mds. 11ie heartlt and lower walls (kf the furnaee are protected 
!»v a lining or fettling td* sand, d'he pear shaped hearth is com 
tnon in copper smelting furnaces, v^inee a high tem]K‘ralure is 
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required in this furnace, the fire-box is large in ])n)])()rtioii to 
the hearth area. The furnace is provided with skiniining doors 
on both sides for removing the slag, and a tap-hole for drawing 
off the matte, d'he ore is charged through circular openings in 
the roof of the furnace from three double hoppers. I'he coal 
is likewise let into the lire-box through the funnels of one double 
hopper. A tall chimney carries away the sulpluirous smoke ami 
maintains a steady draft. 

The charge is made up of roasted and raw ore, slag from re- 
fining furnaces, etc., mixed to produce the matte and slag of the 
proper compositions. After leveling down the charge the tenu 
perature of the furnace is raised rapidly. Within a few hours 
time the ore is completely fused. A quantity of slag is formed 
and a portion of the sulphur is evolved. The bath is well rab- 
bled, and after it becomes tranquil it is left undisturbed for half 
an hour to allow the matte to settle. 'Phe slag is then skimmetl 
off through the working doors, and the matte is tapped, hhiough 
matte is left in the furnace to protect the hearth from sudden 
cooling and from the corrosive action of fresh ore. d'he fer 
rolls oxide and other bases exert a constant scorilication of the 
hearth lining or fettling, and this must be frecpiently renewed. 

Fusion for Blue or White Metal. — If the matte from the abr)ve 
operation is a rich one it may be converted by a single fusion iiu 
to white metal, otherwise it yields the intermediate ])roducl, blue 
metal. If very poor the matte is roasted before fusion. It is 
first granulated by running it into water directly from the fur- 
nace, or by grinding it in a mill, so that the roasting will be more 
effective. During the. fusion the iron is fluxed out by additig 
some silicious slag from a previous operation, or by means of 
raw ore or other material. The furnace used for the fusion of 
mattes is similar in construction to the one above described. It 
is generally smaller and the fire-place is larger in proportion to 
the hearth. A higher temperature is emidoyed than is needed in 
the fusion for matte, but the operation is very similar. At the 
end of the operation the enriched copper sulphide forms the 
lower layer in the bath, and the oxidized slag floats on top. After 
skimming the slag the product is tapped and run into molds. 


Fusion for Blister Copper. This opcnitioii is i-oiidiu-toil in rt 
turn, -ire ot sdiiiou li.’il tlu- s;nuo i-onstnu-lion as the matlin,t;- fur- 
nace. e\ia-i,t tor the merease.l j^jrale e.aiiju-ity. 'I'he liearth is well 
soiiked before Use with hit;h Kra.le iiiatle. and tipon this ;i layer 
'd •■upper is melted. This proieets the hearth from the eorro ■ 
Mve aetion of the rharne. The white met.al is eharj-ed in the 
loim ot pii^s. .nnl the tempenituri' is r.aised sluwlv, air heiiiff 
treely adnniled. The osidation proceeds rajiidlv, and the es- 
<.f sulphur dioxide causes ••hoiliiiK" aftor th'e hath has he 
come hiimd. A much sintdler amount of slaj^ is formed thtni in 
the ineeedinK operation, and the slaj^ is mtudi richer in copper. 
'Phis is sKiinmed from time to titne. When tests show the 
IToper de.i;ree of purity the copper is tapped and run into mold.s. 
or transierred at ouee to the reliuiu},'' furnace. .Metal that is ttl- 
It.wed to cool heeonies e<.\ere<I with blisters from the e.setipinK 
sulidmr dioxide hence the term '‘blister copper.” There is one 
per cent, or more of impttrity in reverhenitory smelted copper. 

Chemistry of Reverberatory Smcltinjr. 'I'he sejiaration of the 
matte from the ore KaiiJs'iie is largely meehaniettl. The most 
importjuit reaitious are in the lltisiiij' of the iron oxide by 

I f Si^ K, |’\’( ),Si< 

' H eouise the same reactions thtit oeeur durin),Mhe ro.aslin;; are 
largely repeateii here. The liiial reactions by which copper is 
liber. tieil ma\ lie expressed ihtis 

i (», (,'u.d ) 1 St », 

fu S i X'u.tf t.fu ( So,. 

The feillouiiiK table, prepared by 1%. 1). IVters. jr., from his 
own expetimenis. shows the rate of mtitte oxidation in r<*ver 

lirraltAi’v furiiat'i*!*,. 



TabIvE of Matte Concentration by Oxidation Fusion— Percentages 
OF Copper in Fractions Omitted 

No. of hours in furnace 


Charged Melted 
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Composition of Copper and Stag in Roasting-Smeeting for 
BIvIster Copper 


Silica 

Protoxide of iron 

Alumina 

Cuprous oxide 

Lime 

Magnesia 

Nickel and cobalt oxides 

Oxide of tin 

Oxide of zinc 

Copper • . - 1 

Iron 

Nickel and cobalt 

Zinc 

Tin 

Arsenic 

Sulpbui 


Welsh “ roaster” slag 

47.5 

28.0 


3.0 

16.9 


0.9 

0-3 

2.0 


Kaafiord 

36.0 

7.0 

6.0 

43.2 

2.7 

0.8 

4.9 

0.6 

3-2 


Welsh bli.ster copper 


0.7-0. 8 
O.3-0.9 


0.0 0.7 
0.4- 1. 8 
o. 1-6.9 


Kaafiord 

99.2-994 

o.i- 0.2 
0.2- 0.3 
0 . 0 - 0.2 


O.I- 0.12 


BIAST FURNACE SMELTING 

Blast furnaces for smelting copper ores were first used in 
Germany. They have been successfully introduced in all im- 
portant copper producing countries, and have been specially 



fa\nrc(I in tlu* I ‘nitnd States, The e\(>hitiun <f{ tiie I'nppe!’ 
fnrnaee has !>eeti f|nite as remarkable as that of the iron fniiiai'e, 
lea<lin |4 to larije onlfatt and hi^h efiieienev. 1'here are a number 
(d" stvies id’ furnaeeN in use for the treat nuait <d' eopper ores, tlu‘ 
ditiereiu'es i»ein^ hrou)i»ht abinit by the varying eliaraeter <d’ die 
ores, fuel ami other eomhtions. 

The Blast Furnace and Accessories. Imi,*. So represents the 
round style of furnaia* emnmonly used in the West. It is huilt 
of steel platts, riveted loji^ether, ami is supportcal on four t'a>f 
iron eolunms. Tlie annular base plate is als(^ (d' east inm. In the 
renter of this is a lai'f^e, eireiilar (jpenint^’ which is closed by two 
drop doors, I'he erueihle is lilted with lire hriek, and the hot 
tom is tamped with elay. The walls above the erueihle are wa 
ter jai“keted almost ttv tlie b*\e! nf the ehar^ini* door. These 
jackets eemsist of tmter aud itmer walls of steel plates riveted or 
wctdetl to|^elher la f(»rm a shell thruit^h which the water is eir^ 
eulateil The inner wall of the jacket is often made (d’ copper, 
since copper is n<H ^o readily i*orroded hy the charge as steel is, 
At the top the fttrnaee walls are contracted to form a hoocl, which 
terminates in the stack. The outline in the re^don <d' the hood 
slmwH the location <d' the ehargin|» tloor. 

77n* lUdst is commonly furnished hy rotary pi.ston blowers. 
These have i^etterally replaced the fan, wliieli is incapable of 
giving suflicient jiressure to the blast furnace, d'tirho blowers 
liave also beeit introdticed with satisfactory results. 

The blast is rci’eivetl in a ho\ surnnmding the furnace, am! 
is delivered to the charge through tuyeres which [aeree the water 
jacket. Access tu the ttiyeres is gained from the outside through 
small t^penings in the blast ho\, The openings are ebistsl with 
sliding floors, dlte location of the slag s|)oul is shown in 
I ion, am! the matte spout is shown in outHue. d'liese furnaces 
are usial both with ami w’ithout tlie forehearlli. 

Thf 7>a/» Xfoid is modilkal from the ordinary tapping spout, 
ami is designed to prevent the escape of gas from the fttrnaee 
when the Ikiuid eiunenls has settled to the level of the tap hole. 
Its essential feature is a dam, which Imlds back the tbnv of mela! 
from the furnace so as to keejj the tapTtde submerged. 


I 


1 

Fig. So.— Section through Round, Copper Blast Furnace. 


(Allis-Chalmers Mfg. Co.) 
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Forehearths . — ;Copper blast furnaces are usually equipped 
with forehearths, the duty of which is to take the slag and matte 



Fig. 82.— Rectangular, Copper Blast Furnace. (Allis-Chalmers Manufacturing Co.) 

from the furnace as fast as it accumulates. Iii other words, the 
forehearth is an outside crucible which relieves the inner crucible 


M KTAI.M‘l«;v 


J47 

in' itiriiarr hrarth i»f tiic sodrifyin^ melt. 1'lie forelieartli is lined 
\sil!! lire hrii'k ur water jaeketed, and is |)n>vide<l with a spout 
a! tile tup fur the merthnv of sla^i*' and a lojjdiole for drawini^’ off 
the iiialti*. It is tisually kept eovered to prevent tlie rapid cool- 
iut* and i'nistin*» of the contents. 'Phe forehearth is inounled oil 
wluads Si) that it i*an (piickly he refilaced hy a new one wlieh 
di^alded, 

In «iider to increase the capticity of the copper furnace the 
erne}! lie is witlened. Since it is necessary for tlie blast to pene- 
trate the char| 4 ;\ after reaching a certain diameter the crucible 
Is enlari^ed in one tlirectiun only, Ieavinj.>^ ojijiosite tuyeres the 
same ilistauce apart. The result has been the development of the 
elliptic and rectangular styles of furnace. 'Phe photographic 
\ieu I hdg, Kj I slunvs a rectangular furnace of recent construe " 
ti«ni. It is water jacketed up to the brick superstructure, d'he 
water jackets are supptirted from a mantel frame of heavy 
IwaiitH and channels, the entire weiglu of the furnace walls being 
carried on four structural columns. 'Phe hollom plate is sujo 
pttrtul e»n jack screws, an arrangement which facilitates its re- 
phuement. 'Phe tap holes and spouts are shown at the front 
and end of the furnace. The upper walls of the furnace an* 
Inick rcenforeetl with steel [ilales ami rods, brick being less de- 
struiisftle than metal in this part of the furnace, d'he charging 
dooiN are shown at tlie base of the brick work, d'he hood is 
made of east iron or steel, and it terminates in the stack and 
doumiake |dpes, which are steel. 

Blist Fwriiice Proceiies, -- 'Phese represent the most diverse 
ami extensive operations in the metallurgy of copper. Tract itm 
is so \aria!ile, ami yet in some respects, (lilTerent processes are so 
related as to «!efy elassilieation. The main ditTerence in what 
iiiav bc' lermetl tlie extreme variations in blast furnace practice 
lie^ in the fact that oxidation of the cltarge may or may not he ef’ 
frcual Tlie simplest Idast furnace process is that in which llte 
ore ami flux are melted, the matte separating from tlie slag by 
gr.niiy. In this instance the furnace simply plays the role of a 
inetiiitg ciiptda, since tlie protluets formeci depend upon a proper 
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riiixlure in llu‘ ])ur<k*n. Tlu* rc’;u'ti(His aw caaliM I h'i 

niic, and the necessary heat is <ieri\'ed frtmi the vi^kv eanieti iii 
tile burden. A cleaixr idea will he j^aini'd hv an na|un\ mitt 
the nature of the materials that are cliar^ef} intn ihe turnaer and 
the conditions to which they are suhjectetl. Ihe 
in|j^ materials may consist of raw ami roa^ted (oc^, ‘4aiy. and 
other inetallur^n'cal jiroducts. 1 )isre^ar<Iinj4 lor llu' |ai’si’iit aiiv 
Cither constituents of the burden except the coppei and iwn 
compounds, silica and coke, the c'hief c’hemieal am! ]»!iys}ea! 
chan|^a\s are rendered more obvious, hhiouijjh eukt* is piesiail 
and the temjierature is suiheient to reduc*e the hi|4!ier u\tdc-s «»! 
iron to the proto.xide, in which state it is most active in 
silicMtes. I'o some extent the iron blast ftirnaec* pruec’ss in sim 
iilated, for a part of the inni is actually rediuHni to tin* inetallit 
state, d'he conditions, however, change at this pciint, due to the 
action of sulphur. Any iron reducecl c*omhines nith sulphtn, 
fuses and mingles with the copjier sulphide, uhic h is unahened 
cliemically, to form the matte. It is, therefote, the lii|utdauon 
of the sulistances into matte and slag that prevents fmtheJ ehrm 
ical action, increments in temperature et’tecting an nu t ease* m the 
rate of melting, the fused products passing nut i»l the /iuu* of 
chemical activity. The amount of matte pjothuetl dc^pends 
u])on the amount of sulphur in the burden, and the lielmeH.,. »d 
tlie matte in copper depends upon the extent to wbuh flu’ oie 
was oxidized. In other words, the sulplmr enmbiueN. lu'-i uuli 
all of the copper, liaving greater afhnity ftn* tlutt uiei.d, and ili«^ 
remaining sulplmr, exeeptiug so imuii as uutv \ tTililt/e, coin 
bines with the iron, k'rom this it is seen that the ore mixiuie »au 
he so regulated as to produce the kind td' matte de^iretl In 
practice the furnace charges are ealeulated upon llu* l^ane, id’ flu* 
analysis of all the materials. In making his eah ulaiuuis fiii 
matte the metallurgist has in view the retjuiremenfs id flir mu 
verters in which the matte is to he smeltiul, Tliere is geiierallv 
not enough iron oxide in the gaugue to cuimhim* with all «d’ flu* 
silica and additional Ilux is needed. IJmesiune is n^,ed iut this 
pur]K)se. 

C'omluistion of tlie coke takes place prineipally in thr Imsh, .md 



luic a aiiituuit til tlii’ Miljiluu* is oxitlizcd. 'i'hc fused sub- 

tiii’kU’ dtiuu tlui>uj;h H bed of incaiulcscent coke into 
ibr lieaiili, littiu whirb they llt>\v eontinuously into the fore- 
health, firre li«|uatiou t»f the matte takes place, and actual sep* 
araliuii is easily eth'ctet! by means f>f an tjvertlow spout for the 
-l.tu aiu! a tap lude ft»r tlte matte. 

/*vu/ir Sii}t‘itiiUi. d'his term has been iisetl loosely with ref- 
eieUif tu M‘\era! cpiite diliereut processes. In the restricted 
sense it refers tt» those metluHls of smelting' ores in which no 
Iml ts nsi’d save the sulphur which the ore c<mtains. All proc- 
esses, to a certain extent, utili/.e tlie heat from the oxidation of 
ihe snl|4nn in the ore tu’ matte* hut additional heat is sup})lie<l 
fmm e\traiU‘ous sources in all prtK'esses herct(jfore stiulied. 
Theoretit all) , it is |iti>sihle to smelt some ores to the production 
nf hhsti’i' copper without extra fuel* and in practice this has lieen 
accom|»lished to the extent of re<luciu |4 the fuel cost to insipniifo 
iaiice, ih»|iper tiHiallurj^ists have deV(ded a i^^reat deal of at» 
letUmn and ener|»y «d late years tiiward the jierfeclion of sttch 
a plot ess. and much has been i^ainetl as the result of expcri-« 
mental practice. 

Ill the idea! inrilie process the furnace huialen consists simply 
of the raw ore. itauaiuini: pritudpally sulphides of iron and eop« 
per and a silicious |pm|,nie. flavin^ started a blast furnace wdth 
cokr, this is discontinued, ami the process is maintained alto* 
l^pilier !*y the lieu! <leriu*d from the hurninj^ sulphur. It was 
pomtrd out under the suhjeet <d heap niastinfj;; that loo free a 
draft ill sciinr portion of the heap would lead to fusion of the 
ofi' In llie excessive heat generatetl from the rapid eoinhustion 
of sttlplnir. I1iis very condition is purposely brought about and 
iiilriisifirti ill pyritic smelting. Tlie eomhustion is localized near 
file tuyeres, ami since the oxygen heeomes saturated with sulplutr 
irri'ix there is no eomhustion higher i\\> in the stack. I'he volatile 
sulphur is, liowever, driven olT during the descent to the oxiiHz- 
iiig /one. li is in this eomparatively small space that the iron 
Milpliide is ttxitfi/ed and the slag is formed by the reaction of 
f'ri rolls <i\iiie on silica. In no instance is tlie superior affinity 



of for sul[)hur hotter illustratotl than iti the nin' tunlri 

considoraliou. I>oth iron and oojipor >nlpiu(U’N are Inuttijln nn 
(Icr tlu‘ |)o\vcrfnl intliicnoo of the hlast» and tlir iron Nulpliido v--. 
lar^vly oxidi/.o<i, but the t‘op[)or sulphide settU‘s, prai tii 'al!\ mi 
altered, as matte, 'Phe proeess is an caMa-etliui^lv doliiale one, 
and the sueeess of it depends larj^^ely uptai the skill i*t tlu' man 
a^er in properly adjustini^ the pressure ot the blast t<» flu* but den 
and to the size of the furnace. 'I'he j^reater the pio|Huii«ai oi 
iron pyrites in the burden the larj^er shoubl be the \ohune of 
blast and the hij^ber sltouhl Ik* the fttrnaee. 

lilast furnace smelling’* as it is generally couclueted. is mntlier 
coke or cupola smelting nor strictly pyritic sniehittg. It cm 
bodies features of both in variable degrees. The piaetiia* a! 
any ]>articular place is determined by the natttre of the ore and 
fuel, economic considerations and local (‘omlitions. 

Treatment of Matte in Convei*ters. This process was ituented 
in iSSo by John llolloway, of b'nglantl, and was introdticed into 
the Tnited Slates shortly afterwards. The itlea was hortowed 
from Ilesscmer’s patent, the general form of llie coiuerier aiul 
the handling of it l>eing similar. 

The barrel type of converter having the mouth tjpening mid 
way ])et\vccn ends has been use<l very extensively. This is huih 
in the form of a sliort eylin<ler, the <mter shell of winch is of 
steel plates and the lining of crushed qtiartz i)r silica in other 
form aiul a clay bond. The cylinder is mounted liori/untallv on 
four friction rollers, and is rotated by means of a \eritca! r;ul, 
and hydraulic power. 'Phe rack is hehl against a spttr gear rm the 
head of the vessel, d'he blast conduit is attached tt* the von 
verier shell longiludittally. supplying air U\ a row t>f luveres, 
which are above the bottom of the vessel wlten it is in the up 
right position, C'onneelion is made witli the Idas! pipe fiaan the 
blowing engines in line with the axis of the converter, so tlial if 
does not interfere with tlie rotation of the latter, Siiu'e the 
level of the tuyere openings is above the bottom of the ianuertm*. 
tlie metal tlial settles to the bottom during a Idtnv is not disturhe I 
by the blast. 
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The Process. IU*fnrc (lu* first time the converter is 

heate«l hy means of a coke tire. It is lurnetl down ttJ the imri 
/<»ntal position anti the molten matte is run in. At tin* same time 
a li|;ht !»!ast is turnetl on, and this is increased to the full pres 
sure as the con\ertt*r is raised to the upright position, hesul 
phiua/atiim l»t\itins at oiua* ami proceeds rapidly as shown l»y the 
rise of a hluish white flame from the mouth td’ the eoinerter. 
The blow is coutimted until all the iron is (j.\idi/etl and fluxed, 
a point which i*an cml\ he ascertained from experience. The 
blower is i^ttided by the appearance td* the flame, the bonier tcf 
which is greenish while the iron is being oxidized. The appear- 
ance iif the flame is alleretl hy such volatile impurities as lead, 
/ine ami arsenie. If much slag forms it is poured edV before the 
blow is fiuislunl. lleing so much lighter than the eop|>er sulphide, 
tile slag separates in a distinct layer, ami it is poured off by 
tilting the vessel. The slag generally retains too nmeli copper to 
be ilisearded, ami it is returmal to the matte smelter, 'flu* resi- 
due in the etmverter is almost pure eupiams sulphitle. d'he blo\v» 
iug is eiintituied until the snlphur is praetieally removed, leaving 
the copper fnnn py to per cent. pure. The copper is cast 
into pigs or into anmle plates, ueeonling to the wav in which it 
is to be refined. 

In theory the ei^nverter process is similar to other processes 
!»y which blister copper is ma<le, the main difference being in the 
rate of desu!plmri/,ati<m, The reactions are accelerated by the 
high temperature ilevelopcil ami hy the permeating blast, wliicb 
speedily supplies oxygen to the entire charge, d'lie first reaiiion 
that takes place is tlie oxidation of ferrous sulphide, Thi.s 
would be further oxidized as in roasting Imt for the ready snp})ly 
of silica with which it coinhines to form a thin slag. With the 
elimination of nmst of t!ie iron sulphitle ami tlie rise in temper 
ature tlie decoinpositkni of eojiper sulphide {iroceeds rapi<lly. 
d'he enprtms tixide reacts with cuprous sulphide until the latter 
is exhausted, forming sulphur dioxide ami liberating melallie 
etjppi r. 

jCuO t CuS ^V\\ 1 Stf, 
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A part of the cuprous oxide is fluxed and carried into the slag, 
but most of it is dissolved by the copper itself. 

A quantity of dust passes out of the mouth of the converter 
with the flame. This contains the oxides of such volatile impuri- 
ties as lead, zinc, arsenic, etc., some copper and not infrequently 
gold and silver. The higher the percentage of volatile matter 
the greater will be the loss of precious metals. Peters gives the 
following analyses of flue dust from two difl'erent works : 



(0 

(2) 

Silver (oz. per ton) 

21.6 

ss.o 

Copper (per cent. ) . 

33-1 

57-9 

Lead (per cent.) 



Zinc (per cent.) 

7 .S 



The time required for converting a 55 per cent, matte is about 
one hour. 

The following analyses given by W. R. Vanliew, show the 
rate of oxidation in a converter charge 

70 mill. 

Cupola ^ ^ blister 


Time tap lo min. 20 miti. 30 min. 40111111. copper 

Copper per cent 49.72 50.20 56.88 64.60 76.37 99.120 

Iron per cent 23.31 23.15 17.85 10.50 2.40 0.038 

Sulphur per cent. . . 21.28 20.95 19.74 18.83 16.30 0.159 

Zinc per cent 1.19 1.20 0.84 0.70 0.45 0.090 

Arsenic per cent .. . o.ii 0.09 0.08 0.08 0.08 0.0012 

Antimony per cent . 0.14 0.12 o.io 0.13 0.13 0.006 

Silver ounces 44,20 42.90 51.40 55.80 70.00 90.8(X) 

Gold ounces 0.16 0.14 0.20 0.24 0.32 0.350 


Basic-Lined Converters , — It is logically unsuitcible to use a 
silica-lined vessel for blowing copper mattes. Efforts have ])een 
made to substitute a basic lining ever since the l^eginning of con- 
verter practice. The first commercially successful, basic-lined 
converter, was built at Baltimore under the direction of Smith 
and Pierce. The Pierce-Smith converter, which has come into 
general use, is of the horizontal type, and is lined with magnesia 
brick. Meanwhile, the upright style has been developed at Croat 
Falls, and the rapidity with which basic-lined converters have been 
installed would indicate a general displacement of the acid-lined 
^ Trans. Amer. Inst. Min. Eng., 34, 418. 
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\iSsil. I lit‘ l*alls ciinvcrter is represented pietoriully in 



rig 'I, I rttiH e»i»v#tt#r. CAIliii«ChttlmtriMimif«eti.iri«g Co,) 


Jii tlie pmeess in a basic converter only a iK)rtion 

of the eluirite is put in .iit first, and to this is added some dried 
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silicious ore. The vessel is then tilted to bring the tuyeres under 
the surface of the matte, and a light blast is turned on, the 
pressure of the blast being increased as the ore is absorbed. 
When all the silica has been fluxed the slag is poured off, and an 
additional charge of matte and ore is introduced. The operation 
is repeated until as much concentrated matte as can be handled 
has accumulated. The blowing of this concentrate to blister 
copper is then done in the usual way. 

The temperature attained in the basic is lower than that of 
the acid converter, and consequently more difficulty is experi- 
enced in keeping the tuyeres open. The reason for the lower 
temperature is that the reactions do not take place so rapidly, 
and there is a greater radiation loss because the basic lining is 
thinner and it is a better conductor of heat than silica is. Another 
disadvantage of the basic converter process is the large amount 
of dust that is blown out. Its great advantage lies in the dura- 
bility of the magnesia lining. 

The Fink Smelter .- — Some interesting results have been ob- 
tained in smelting refractory ores containing copper, lead and 
zinc with a furnace recently brought out by Edward Fink.^ The 
furnace embodies features of blast roasters and matte converters, 
and is capable of smelting raw ore to blister copper, expelling 
lead and zinc, for the most part, as oxides. The smelter is 
cylindrical in shape, tapered at both ends, and carried on friction 
wheels. Ore, in a pulverized condition, is fed into the furnace 
from an overhead hopper through a pipe to which compressed 
air is supplied for keeping the pipe clear and cool. Fuel is sup- 
plied from an oil or gas jet, and hot air is blown in to effect com- 
bustion and to roast the ore. The air enters the furnace by way 
of a number of tuyeres through a circular, stationary box, 
through which also pass the ore and fuel pipes. In the centers 
of the tuyeres are peep-holes for observing the interior working 
of the furnace. The tuyere box has a tight, gliding contact with 
the end ring of the furnace, and is held in place by two arms at- 
tached to the charging platform. The other end of the furnace 
1 Min. and Bng. World, XXXVII, 797 ; XXXVIII, 953. 



'riii* turnacc is ftirtlicr njuippcd with several horizon” 
tal rowN of tuyeres, ojie of which is shown in the sectional draw- 
mi;. with its i*onmH*tiou to the annular blast box. 

ila\int; intriHlucetl the charji^v and hrou,i;‘ht the furnace to a 
Mueltiu^ temperature with the auxiliary burner, the reactions 
proceed rapid!) as in any converter process. lUit unlike other 
converters, this one makes complete revolutions, the rows of 
tuseres iK’iut; bnnti;ht successively under the charj^e and the Idast 
bein.i; almost entirely shut off automatically as they emer|i;e. 
This feature lenj^thens the life of the linin|.( about the tuyeres 
wlu’re the aeiivity id* iron oxide is ).;;reatest. 'Phe lining’ is 
further sa\ed by the addition <d' silicious ore. If reduction in 
the i'haryn* is re«{ttin‘d coal or coke is added, and any desired sla^^ 
cimdiiioti may he hroujjjht about by adilintL*' the protier tltix. Zinc 
i*- redticed by the aid ion id* sulphides in the char|.>;’e, volatilized 
attd instantly oxidized by the atinosj)here of the furnace, bead 
!*« oxidized atttl volatilized, and is carried with the zinc oxide out 
of the furnace w ith the current of ^ases, and may be recovered 
fi) one of the processes for treat inf( smelter fume. 

Tlie chief advantaj^e in the h'ink sntelter lies in its rotary 
i}ioiit»n by which the charjLte is tjttickly, and when desirable, eon™ 
tinuoUHly mixed. 

Elimination of Impurities in Copper Smelting. A complete 
^audv of the metalluri^v of eijpper would involve not only the 
piueesses by which Clipper itself is cxtnieled, hut also those by 
whii'h V arious other nnlals, associated with copper ores, are recov- 
eu'd, hhir example, some ores carry nickel as well as copper in 
workalde «|mmtily, and it is not infreiptent that gold and silver 
are piT’-ent in sufficient amounts to jtislify more expensive 
methods of treating the ores in order to recover tlienu hTirther- 
more, iliere are often ohjeetionahle impurities iit copper ores 
wliicli reifttire special care f<»r their removal. The most impor- 
tant of tile feuTign elements met with, ami their behavior during 
the smelting, are stimmarized below. 

Silit'ifii. Ttiis element occurs as silica and silicates m the ore. 
It is fluxetl tas silica | hy any basic, metallic oxides present, lime 
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being added as a special flux to prevent its conihination with 
cuprous oxide. In the blast furnace some silicon is reduced and 
some of this may escape oxidation and be found in tlie l)lister 
copper. 

Sulphur, owing to its affinity for copper, is not eliminated 
until the concentrated cuprous sulphide is ol)taine(l. It is rtnally 
separated by oxygen at the high temperature of the converter 
or the reverberatory furnace. 

Iron exists chiefly as a sulphide in the ore. It mixes as such 
with cuprous sulphide in the matte .smelting. In an oxidizing 
atmosphere iron parts with its sulphur at a comj)aratively low 
furnace temperature, and it is readily fluxed and se[)arate(l from 
cuprous sulphide by means of silica. A small amount of iron is 
reduced, and alloyed with the copper. 

Arsenic should be, for the most part, removed from the ore 
during the roasting, being volatile. * Most of the arsenic that is 
left in the ore is retained by the copper, either as arsenide or 
arsenate. 

Antimony is similar in its behavior to arsenic. It is concen- 
trated like arsenic in the matte or speiss. Antimony is less vola- 
tile than arsenic, and is more difficult to remove from the ore by 
heating. 

Nickel behaves much like copper during the roasting and 
fusion. But nickel matte is heavier than copper matte, and 
when a sufficient amount is present it may i)e sei)arate(l by Ii([ua- 
tion. See nickel smelting, p. 343. 

Zinc is oxidized during the roasting, and in the fusion a large 
portion passes into the slag as silicate, often causing annoyance 
to the smelter on account of its infusil)ility. hi a reducing 
atmosphere some of the zinc is reduced and volatilized. It is 
again oxidized upon reaching the uiiper part of the furnace and 
the flues, where it is deposited. 

Lead, if present in any consideralfle quantity in the ore, will 
be found in every product of the smeltery. A large part of it 
is reduced in the matte, and most of this is subsequently vola- 
tilized during the fusion for blister copper. A smaller iiortion 
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is (»|K*n. The furnace is further ecjuippcd with several horizon- 
tal rows ot tuyeres, one of which is shown in the sectional tlraw- 
ini 4 \ with its connection to the annular blast box. 

llavini!^ intiaxluced tlie charge and bronj'^ht the furnace to a 
smeltin'^’ temperature with the auxiliary Inirner, the reactions 
proceed rapidly as in any converter ]>rocess. Hut unlike othef 
I'onverters, this one makes complete revolutions, the rows of 
tuyeres hein^' hronj^ht successively under the char<>;e and the blast 
bein^ almost entirely shut off antoniatically as they emerge. 
This feature lenj^thens the life of the lining about the tuyeres 
where the activity of iron oxide is f^reatest. d'he lining is 
further saved by the addition of silicious ore. If reduction in 
the charj^e is retjuired coal or coke is added, and any desired slag 
comlition may be brought about by adding tlie proper Mux. Zinc 
is retlucetl l>y the action of sulphides in the charge, vokitilized 
and instantly oxidized by the atmosphere of the furnace. Head 
is (jxidized and volatilize<l, and is carried with the zinc oxide out 
uf the furnace with the current of gases, and may be recovered 
by one td’ the pr<K*esses for treating smelter fume. 

The chief advantage in the iMnk smelter lies in its rotary 
motion by which the charge is (juickly, and when desirable, con- 
tiimously mixed. 

Elimination of Impurities in Copper Smelting.—A com]>lete 
study of the metallurgy of co])per would involve not only the 
prcicesses by which cop])er itself is extracte<l, but also those by 
whicli various other metals, associated with coi)]>er ores, are recov- 
creel, b'or example, some ores carry nickel as well as co])per in 
wtu’kable ({uatitily, ami it is not infre([uent that gold and silver 
are present in sufrieient aimmnts to justify more expensive 
methods of treating the ores in order to recover tliem. Inirther- 
more, there are often olpeetionable impurities in copi)er ores 
which reijuire s|>ecial care for their removal. 'Pile most imixw- 
tant of the foreign elements met with, and their behavior during 
the smelting, are summarized below. 

.SV/iVmi. 1'bis element occurs as silica and silicates in the ore. 
It is fluxe<l (as silica) by any basic, metallic oxides present, lime 



bein^ added as a special tlux to preveiU its t-tHiibiiial iofi with 
cuprous oxide. In the blast furnace some silicon is rethu*cd anti 
some of this may esca}>e oxidation and be foun<! in tbi* 
copper. 

Siilplmr, owini,^ to its ariinity for coppei', is n{»l e!iniinafi*d 
until the concentrated cuprous sulphide is obtaimsL It is tinaliv 
.sei>arated by oxygen at the hi]L>h temperature of tlu* coiueiiei 
or the reverberatory furnace. 

Iron exists chiefly as a sulphide in the ore. It mixes as su*'b 
with cuprous sulphide in the matte smeltinji*. In an o\id{/m^4 
atmosphere iron parts with its sulphtir at a coi!ipai'ati\ cly low 
furnace temperature, and it is readily Iluxed ami scpaiatc*! ftum 
cu|)rous sulphide by means of silica. A small amount of iron is 
reduced, and alloyed with the copper. 

.'Irsrnic should be, for the most part, reniincd from the tur 
(luring the roasting!;', beinj>f volatile. Most of the arsenic t!i;t! is 
left in tlie ore is retained by the co|)pcr. either a’- as^enitle ui 
arsenate. 

.-Intlmony is similar in its beha\ i{>r to aiNenii*, It is i oiuam 
tmted like arsenic in the matte or speiss. Antimijuy is less \ nl.t 
tile than arsenic, and is more diflieult to remove ftom tite ore b\ 
heatin^^ 

Nickii behaves much like eopper durini^ the roast mit and 
fusion. Hut nickel matte is heavier than cjipper matte, and 
when a surheient amount is present it may i»e separate*! by lipna 
tion. See nickel smelt inj^, p. 

Zifir is oxidized durin^^ the roast and in the fusion a lai|p* 
portion passes into the slaj^ as silieate. often causini^ amanafs e 
to the smeller on aeeoimt of its infusihility. !n a redo* iti|» 
atmo.s])here some of the zinc is redueetl ami vulatili/ed. !f is 
<i|^ain oxidized upon reaehinj^; the upper part of the fiir!ta«’e .m*! 
the (lues, where it is deposited. 

/aan/, if present in any eonsiderahle cjuantity in the ore. will 
])e found in every product of the smeltery. A larj^e pan of if 
is reduced in the matte, ami most this is sul^Hr<|nrn!!y \o!a^ 
tilized during' the fusion for blister copper. A smallei portion 
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rciuains alluyctl uith tlu* cttppcr. It should he understood that 
lead is not \olatili/rd like /,ine. as a metal, hut in the form of 
t^xide and Nul|»hide. 

.S’l/rer and iiidd are almost entirely retained in the matte if it 
is made utnier a \erv lit|uid slaj^'. Duriuj^ the eonversion of the 
etipper some t>f tlie preeious metals eseape with the slag, and in 
the <hiNt the eoinerter, hut the larger portion remains alloyed 
with the etipper. 

EXTRACTION OF COPPER IN THE WET WAY 

In the so eallet! wet or hvalronuetallurgieal processes the copper 
eitmpottnd is ilisst^hed lu water or hy some chemical and suhse- 
quently in'ecipitatetl in (he metallic state or as a compound. A 
great deal of et*pper is recovered in this way from low grade ores 
and metallurgical inanluets with values too low for prolitahle 
treatment hv lUlier means. 

Solution of the Copper, 'I'he problem of converting the ore 
into such i'hemieal ami physical eondititm as will facilitate the 
solution of tlte copper is generally the most serious oue that 
eiaifronts the Itydro metallurgist. The copper eom[)oumI must 
!»e solttlile in water or in a ehentieal of permissihle cost, and tlie 
ore should he sutfuaetitly tuie ami porous to give easy access to 
the soh ent. lustames in which the ore re([uires no treatment 
prior |o the application of the solvent are rare, A large ((uantity 
of copper, however, is annually recovered from ores that receive 
no more speeil’u' treatment than that of weathering*. The e<a])pei‘ 
in the ore is most iaanmonly converted into sulphate. Tins 
may he tirought ahtaii hy the natural action of the atmosphere 
or hy rtmsting. In !tH*alities where fuel is dear and the ore is loo 
low ill copper lo pay ft»r transportation a slow weathering process 
may Ir rrsoiird to. Hie ore is expo.scfl to the weather in heaps 
wliicti are arranged over a floor of clay or sotne material that 
will not soak up water. Ihtehes are let! from the piles to a pond 
in wliicli the drainage is eolleeted. As the oxidalion proceeds 
hy natural pnresses, the rains leach out tlic ferric and cupric 
Hiil|t|iates. and lliis Holutum is caught and poured over tlie piles 
repeatedly. iMiially tlie ore is leached witli clear water, and the 
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combined solution is evaporated, and the copper is precipitated. 
This crude method is of minor importance in this country, thoug'h 
a considerable quantity of copper is annually recovered from 
mine dumps and concentrator tailings. In the Butte district 
alone more than 700,000 pounds per month are recovered.^ 

The more usual method of oxidizing ores is l)y roasting them 
at a low temperature. With proper care almost the entire con- 
tent of copper in the ore may be converted into sulphate l)y 
roasting, and into chloride by roasting with salt. Copper may 
be brought into solution from oxidized ores ( oxides and caii)on- 
ates) by lixiviation with hydrochloric and sulphuric acids, iron 
salts of these acids, ammonia and compounds of the alkalies. 

The solution of the copper from ores that have received spec- 
ial treatment is generally effected in large vats of wood or 
masonry construction. If the ore has l)een roasted advantage 
may be taken of the disintegrating effect of throwing it into the 
vats while hot. Steam is also used, and the liquid is often agitated 
to aid the solution. 

Precipitation of the Copper. — From chloride and sulphate so- 
lutions copper is commonly precipitated by iron— 

CuCL + Fe = Cu + Fed, 

CuXl + Fe = 2Cu + FeClo 

CuSO, + Fe = Cu + FeSt ), 

From which it is seen that it is most economical to precipitate 

from cuprous chloride so far as the consumption of iron is con- 
cerned. The copper is sometimes precipitated as suli)hi(le with 
hydrogen sulphide gas. If the copper has ])een extracted with 
ammonia it may be precipitated as Idack oxide l)y healing the so- 
lution to drive off the ammonia. The copper residue is never 
pure. It contains particles of iron and salts of associated metals. 
It is washed and smelted. 

Electro-Methods. — The electrolytic principle (pp. 262-264) may 
be used in precipitating copper from solutions of the chloride or 
sulphate. In the Siemens and Flalske process copper in sul- 
phide ores is dissolved by an acid solution of ferrous sul- 
’ Met. andChem. Eng., viii, 614. 
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phate with the formation of cupric and ferrous sulphates. This 
solution is electrolyzed, the copper being deposited upon cathodes 
of sheet copper and the SO^ radical being formed at the anodes 
which are carbon. The SO^ attaches to ferrous sulphate, re- 
generating ferric sulphate for further solution of the copper. 
The cycle of reactions is kept up by circulating the solution from 
the ore to the electrodes. A porous diaphragm is placed between 
the electrodes to prevent interference with the reactions pecul- 
iar to each. The chemistry of the process may be represented 
as follows : 

Cu,S + 2Fe, (SO4), + H.,SO, 2CuSO, + 4FeSO S 

CuSO, == Cu + SO, 

2FeSO, -f SO, Fe,(SO,)3 

A process, embodying the above principles, has been designed 
for treating mattes. The matte is cast in the form of slabs over 
a core of copper and suspended as anodes in the electrolytic 
bath, the copper serving as a means of suspension and as a 
conductor. The solvent for the copper sulphide is obtained by 
treating sulphate-roasted matte with sulphuric acid. 
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COPPER REPINING 

As lias bccM statc<l, the properties <>t eoppor are intlueiu'eti by 
tlie presence of very small amounts of impin itie^, Tlie purht 
cation of copper for the market must ihereton* he mnvt tlaanui^h. 
h is said that in this country a rather hii^h ideal eMsts tm aeenunt 
of the remarkable <[uality of hake Supei"it>r t'oppea. Xo tknda 
the phenomenal growth of the refinery has been laiyjel) thu* tn 
the competition between the copper prodiu'ers t»f ihi*^ and »»!!ier 
locrdities. 'Pwo distinct processes are in use for the punlaataai 
of blister copper the furnace and the eleiarolyt le piinesst-s. 

THK FURNACE PROCKSvS 

d'he furnace used for the melting* and retinini^t «d natue and 
blister copper is a lar|4'e reverberatory. It is pn»\idr«! wnli 
doors for charging and taiiping, and a large grate ttu inani 
taining a high temperature, (has furnaces are alsti m use The 
hearth is well soaked with copper by melting tloun suis cs* urlv 
small charges which have been spreail ova‘r the mu fat Ibne 
metal should be used for this purpose, since it st.uids the ueai 
belter, and besides, impure metal would be the means th t«»ii 
laminating many charges after they had been rebmal 

d'he furnace, having lieen made ready, is ehatgetl witli blruei 
copper. The doors are closed ami the cliarge is rnelfet! dmu* 
under a reducing flame, d'he thin slag which ft inns i\ skinmied 
off, and the furnace <loors are openetl to e\pt»sr the sm be e 
of tlu' metal to the air. A coating of impious ti\it!e is loimed 
at once, and this gives ri.se to more slag by its fluxing aifnm 
on the impurities. Xueh art ion is haslenetl by skimnitng «cii ihr 
slag at interx'als of an hour. The eseajie td' sulphur dmxnle 
has the lieiiefieia) effeet of agitating the bath, tints tniiigiiig tin/ 
oxiili/.ing medium into more intimate eonlaii witli the iinpiin 
lies. After the hath lieeomes more <|uiet and the slag is u* h m 
cuprous oxide it is rahhletl eontiimously fm* a peritnl uf abtaii 
two hours. The copper now beeonies 'Mi v" from llie absMi pimii 



nf ni|irnus uxidr, and a test sinews tiu* dmractcrislio ])rid<-ml 
Tiu’ matter has hecn removed, and it now re- 

mains uiilv !u mluee this <rxide. 1'his is aocomplislied by the 
method kiitiwii as |iollin^», A lou^^ pole of ^reen tinil>er, as 
as eafi !»e managed, is thrust into the hatli. 'Phe hydro- 
eaihoii i4asrs and other aj^mnts reduee the eopper, the surfaee 
<d tlie hath Ih iui^ eo\ered with tine ehareoal to prevent further 
oxidation Tests are taken atid sulanitted to ineehatiical treat- 
imni, and when these show the pr<iperties of jiure eopper the 
metal is tappet! and east into molds for the market. 1'he 
shill i"* rciurnet! to the smelter. 

Elimination of Impurities. Metals of low meltinj^ point may 
he separatet! frmn copper liy heatin^^ the alloy to a temperature 
jfisnltn itmi tti Inst* t!u* copper hut considerably above tlie fusion 
ptmi! t*f the tuber metal. » The tdder process for .separatin^^ ^ohl 
and siher was to melt the copper with lead, the hulk of tlie lead 
H'paiatin|» irom the i’opper by litjuation and earryin^^ with it 
flu* lu'aw metals. I he iet*o\ery of the [ireoious metals from 
the leatl is explainetl umler the metallmxv of lead. The de- 
mrnfs whidi are most completely removed in tlie rdiuery are 
siilplmr, iron, silicon, arsenic, antimony, liismuth ami oxy^^en ; 
,i!'«o leatl and mu\ when present in small tjuantily. ('ojiper of 
lew ih;ii| i|.o per cent, purity is ireatetl in a separate furnace. 
Sttiiieiimes a small tptantity of white metal is added at the he- 
of die operatiitn t<t aid in the elimination of arsenic and 
antiniony, 

Tlir iiiipnrilies are oxitlis^ed in the rdiuery, ami are eitlier 
liaiisfrrreii to the sla|» or volalitiml. 'Phe copper itself ads ns 
a earrier of die <txy|.,mn. This is shown hy the fad that a much 
iiiorr rapid elimination of tin* impurities restilt.s from mixinijj- 

rti|irous oxide witli the nuiab 

The iixyiteii is not completely removed from the hath hy 
Aeeordini,^ to h^deston it can not he reduced to o. i per 
trill. Alton! 4 iu U per cent, tif the total eharfii'e of eopper 
is rrmovrtl in tlie slag of tlie rdiuery. 

^ |r 
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A tilting furnace operated like the tilting furnacCvS of the 
steel maker, has been recently introduced for melting copper and 
matte. AVith such a furnace there is a great saving of lal)()r, 
since both the slag and the metal are discharged mechanically. 

THE ELECTROLYTIC PROCESS 

The fact that copper can be precipitated from aqueous solu- 
tions by means of an electric current has been known for more 
than a hundred years, though it had but few practical applica- 
tions until after Faraday's discoveries (1833). Following these 
were the inventions of electrotyping and electroplating. The 
refining of copper by solution and .precipitation is suggested from 
the fact that practically pure copper may be precipitated from 
solutions containing other metals. The art was introduced by 
Elkington, and his first commercial refinery was built at l^em- 
bry, Wales, in 1869. It is interesting to compare this date with 
that of the advent of the dynamo (1867). So great an under- 
taking as electric refining on a large scale could never have 
been continued had not the dynamo been invented and the cost 
of the electric current greatly lessened. The demand for highly 
purified copper and the price it commands have more than justi- 
fied the cost of refining it by electrolysis. Electrolytic refining 
is now practiced in all copper producing countries, being most 
adaptable to copper containing arsenic, antimony, bismuth and 
the precious metals. In the United States more than 80 per 
cent, of the entire output is refined in this way, the cost having 
been reduced to four or five dollars a ton. 

General Principles of Electrolysis. — In the drawing (Fig. 84) 
are represented two copper plates, A and C, immersed in a dilute 
solution of sulphuric acid. To the heavy plate, A, is attached a 
wire, which is connected with the. positive terminal of a direct 
current generator. The wire from C is connected with the nega- 
tive terminal. If no current connection were made the copper 
of both plates would be slowly dissolved, the acid being decom- 
posed — 


Cu -f- H.,SO, CuSO, + H,. 







{lut c'opptT sulphate, according’ to llie theory of Arrhetuus, is 
ilisst )eiali‘d in an aqtieous solution into copper and St ions, an<l 
(lu* current in passing through the solution ji^aves direction to 
these ions, causing copper to form at the iK'mative and ist ), at the 
p«>sitive plate * 

C'uSt Cu t St 

d'he positive plate is thus e>cpose<l to the action of the acid radi • 
cal as lontit as the process of electrolysis is continued. If the 
St h i*" immediately combined it breaks up into sulphur 
trit>\itle and oxygen. lh)th of these jiroducts nuiy 1)0 dotecled 
at the positive plate. I'he chemical action, resultiuji;' from the 
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sohition of the copper in the positive plate, lar^^ely neulrali/.es 
the hiu’k presstire that is set up as the current pttsses tlirou^di 
the* Hohiiion, Im)!’ this reason a lower j>ressure is needed to 
drive the eurrent tiuanijjth the .solution than would he recpiired 
if tlie plate were itist»!uhle in the acid. I'he proportion of acid 
in tlte solution i^radtially itiminishes, while the eop{)er sulphate 
inereases, 

ill the application of the principle of electrolysis on tlie lar^^e 
scale the impure eopper is the positive plate, aud the pure cop- 
per is deposited on tlie negative plate. The positive plate is 
called file and the negative tilate is the ('(vtliode, ('oiler- 

lively they are spoken of as tdcctradtW', and the solntion is the 
tdirtr-i^lyie. llie amount of current that ]Kisses through the 
* Z. |ihys. Ch.. 1HH7, 1, 6.M. 
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electrolyte is measured in units called amperes. One an4)ere is 
the amount of current that will precipitate 1.18650 ^n-ains of 
copper in an hour. The electromotive force, or pressure under 
which the current is used is measured in volts, and tlic unit of 
resistance that is offered to the passage of the current is the ohm. 
In conducting the process of electrolysis on the commercial scale 
a number of electrodes are placed in each vessel liolding the 
solution, and they are arranged close together to minimize the 
resistance. Since the amount of copper deposited is directly pro- 
portional to the current density or amperage, as much current 
as is practicable is employed. This is limited by the increase in 
the cost of generating the current and by the condition of the 
electrolyte. Other metals in solution with the copi)er may like- 
wise be deposited on the cathode, depending upon the current 
strength and the condition of the electrolyte. Practically, about 
one ounce of copper is deposited in 24 hours for each am])erc of 
current. 

The Refining Plant and Process. — The refinery consists essen- 
tially of the power house; the tank house, containing the tanks 
for supporting the electrodes in the solution, also the appliances 
for regenerating the electrolyte; remelting furnaces, and other 
equipment for working up the products. 

The tanks for holding the electrolytes are constructed of wood, 
and lined with lead or other acid-proof material. The larger 
tanks measure 10 feet in length, 3 feet in width and 4I4 feet 
in depth. Double tanks are commonly used, the two being sc])- 
arated by a longitudinal wall. 

The anodes are of cast copper from the smeltery. They are 
of the shape shown in Fig. 85. The rectangular dimensions are 
about 30 inches x 24 inches and the thickness i inches. The 
arms at the top support the anode in the tank. 'I'he catliodes 
are of electrolytic copper, rolled down to 7/32 inch thickness 
and cut in the same rectangular dimensions as the anodes. The 
cathodes are supported from copper rods passing throiigli loops, 
which are riveted on in the manner shown. drawing is 

a section through a double tank in which coi)per is refined. 




come short circuited in one of t\vt> ways. 'Fhe | 4 rtH\th ot cn|» 
per on the cathode may be irrej^ular, accretiijus or er}HtaiH e\ 
tending' to the anode, or, the deposit of “anode nmd*’ on tiu’ hot 
tom of the tank may accumulate more rapidl\ than was ex- 
pected, and toucli both electrodes. hhaajiumt inxpeclitm 
needed to remove these obstructions, since cleiirolytii* aition 
ceases as soon as a sliort circuit is established. 

Lhuler normal conditions the electrolyte contains about oj 
per cent, of coj^per sulphate, <> per cent, id sulplntric ai id and 
75 per cent, of water. 1'he solution is fre({uetitl\ ti'^teil fj»i 
free acid and the neces.sary amount is restore<}. The iureula 
tion of the solution keeps its compositiim unifinati, Imt the im 
purities and the excessive amount of copper sulphate must bt* 
removed from time to time. 

Purification of the Electrolyte. The cianpimens id' the 
anode are transferred to the cathode; dissolved and prcidpitatisl 
as chemical compi)Uuds ; dissolved and ke|)t in si)hui<an or lid't 
undissolved altogether. The heavy, umlissolveii matter falls \n 
the bottom of the tank, formin^^ what is ternual aiUMle nmd «u 
slime. It is the aim to keep the etuupositittn of tlie solution 
and tile strenf,dh of the current such tliat only the i*opper will 
1)C electrolyzed. In this brief outline of the melhotK of neat 
ing the electrolyte, the history of the several iinpurilies of the 
anode may he followed. 

A part of the electrolyte is drawn off for treatment. 'Flie 
copper sulphate, which is all the time increasing m llie soUnsoii. 
is removed by crystallization, special tanks being provide*! fm 
this purpose. Cutirous oxide and cuprous sulpln*le go nifo ibc 
slime, but tluw are to a certain extent tleeumposed aiul ailded 
fo the solution. 

(told and sik’ar fall down with the anode imul 
/rmn rjinc, nickel and cobalt dissolve ami remain in the solmiuit 
nisnnith is dissolved and partly preeipilatefl as the sulpltaie 
Arsenic dissolves and jireeipitates as an arsenite :ih the soitt 
tion liecomes more saturated. If tlie bath is tleticieni in and 
or copper, arsenic will be added to the catlmde, \fc«udmir to 
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lunriclu ar.scnir ddt's nol lieposit if the electrolyte C{Jiitains about 
140 i^raius of copper sulphate an<l not more than 17 14'rams of 
arsenic {H*r liter, 

is {ii^stlheti and ])artly precipitated as a basic sub 
phate. Like arsenic it follows the copper if tlu^ electrolyte 
becomes neutral oi* low in copper. 

/.C(n/ is precipitated as the sulphate, inost of which settles with 
the slime. 

'bhe sohible impurities must he removed, as noted abo\'(\ 
since pure copper can not be precipitated from a S(jlulion which 
is hea\ily i’hari^ed with other metals. A jjortion of the s<dn 
tion is tlteref<}re umler treatment all the time, and after purilica 
tiou it is rettirned to the circulation. 'The purilieation (d* the 
solution is <|uite an intricate process in itself, some of the 
methods (»f treatment beiuj^ kept secret. The iron, nickel and 
cobalt may be remtued by crystallization, .\rsenic, antimony 
auil bismuth are precipitated by oxidizini; the hot solution by 
means tT line streams of air, ami by neutrali/.itijj^ the aci<l with 
si*rap copper, 'blu'se <»pcrati<»ns are carried on in U^ad lined 
\afs in* tanks. ' 

Treatment of the Anode Mud. This is retnoved fnun the 
tanks imee a mimtln (U* as often as maTssary, and treated for 
the reciivery <if silver and i^old. It is tirst hoiUal with sulphuric 
acid til disst^lve imist (»f the base metals, ami after decant in, if otT 
the aeitl the resithu* is washecl with water. The residue is drietl 
and smelted in a small fitrnaee with sotia ash am! saml. The 
silver tibtaineti carries both eopper ami ^mhk It is refineil hy 
one of tlie usual metlmils. See p. ,^Ji. 
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LEAD— ORES, PROPERTIES, ETC. 

History. — The date of the discovery of lead is not known. It 
was employed by the Eg’ 3 ^ptians, Greeks and Romans lon^’ be- 
fore the Christian Era. The Romans opened mines in Ih'itaiiu 
Saxony and Spain, some of which are still operated, head 
was one of the first metals mined in this country, though it is 
probable that in the treatment of lead ores by early American 
prospectors silver was the metal sought. Mines were operated 
before the Revolution in the states of New York, Virginia and 
North Carolina, and in the Mississippi Valley. The Rocky 
Mountain deposits came into prominence in uSby, and the lead 
industry has grown rapidly in the West since that time, d'hc 
West now leads in the production of lead. 

ORES 

Galena (PbS). — This is by far the most important ore of 
lead. It occurs both crystalline and massive, associated with 
dolomite, limestone and silicious rocks, (lalena is not infre- 
quently associated with pyrites and ores of zinc and silver. It 
may also contain arsenic, antimony and other impurities in 
smaller quantities. 

Ceriisite (PbCO;.) is an important ore in the West, occurring 
but sparingly elsewhere. It is usually impure, and carries other' 
oxidized forms of ore, such as the sulphate and oxide, 

Pyromorphite (PbCL4- 3Pb.jPo(X) is met with, l)Ut it is ned 
an important ore. 

Lead ores occur but sparingly in the Eastern stales, though 
some of the mines in the Appalachian region are still productive. 
Next to those of the Rocky Mountains the Mississi|)pi Valley 
deposits are the most important. Idaho, Colorado, Utah, Mis- 
souri and Kansas are the leading lead-producing states. 

PROPERTIES 

Pure lead is of a bluish-gray color and highly lustrous. It 
does not ordinarily present a crystalline structure to tlie naked 



eye, hut uiiiler t»r<»jK‘r conditions of coolini;;' from the molten 
state it solidities in octahedrons. The principal j)roperties to 
which lead owes its usefxdness, are its malleability, How and 
density. I wad melts at ' C., and boils at about 1,500'’. It 
alloys readily with arsenic, antimony and tin, less readily vvdth 
ta^pper, ,uold and siUer, and with /.inc it is said to form no true 
alh)y. 

Effect of Impurities, The im{)iirities more commonly met 
with in I'onimercial lead are antimony, arsenic, bismuth, copper, 
iron, ziiu‘ and silver. 

This metal is fixapiently associated with lerul 
ores. If a lar^e proportion is present the ore yields an alloy of 
the twt) metals. 'This is known as “hard lea<l.” besides haial- 
etiinu; lead ami destroyitijq; its malleability, antimony has the 
peculiar properly of causin|L( the alloy to e.\pand when c<)olin,e; 
from the imhten state. 

.Irsiitii' is also fiaatucnlly associated with lead ores and its 
ei’feii nptm the properties of lead is similar to that of antimony, 
laaiderini^ it hard atid brittle. 

liismath is niueli less frequently met with and is not often 
present in sutVudent (fuantity to injure lead. It lowers the 
mrhiiijLj; point, and renders the lead hard and crystalline. 

(T/*/>fT is a very etanmon impurity in nnrermed lead, and is 
often added in the manufacture of certain alloys. 'Phe small 
amount that is left iit reiined lead is not suflieient to interfere 
willt its wcu’kin^ pru|terties. 

.Vf/rer in smalt <|uautities is a very eommott iu|^n‘edienl of lead 
enws. ami is theref(»re to he e,\peeted in the lead as it comes from 
the smelter, Silverdead alloys that are purposely made in the 
extraction t)f siKer are known as “work lead.” Small pereen 
Uu;vs of silver hnver the melting point of lead, and lar^n^ (|uatr- 
lilies luirden it ami raise the mellin^^ point. 

Inni alhns with lead only under s]>eeial conditions, aud is 
never an interfering element. Cummereial lead contains hut a 
few Immlredtlis of a per cent, of iron. 
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Ziiu' is not a ccanniou impurity in load. It imparts a li^htor 
ot»ltir and rcnclors loati hard and brittle. 

Chemical Properties. 1 dio ohoinical properties of special in 
terest in the inetalliirj^y of lead are its action toward oxy^eti 
and sulphur, its basic' charaeter, and the ease with whicii it is 
reduced from all its compounds. When exposed to moist air, 
or when healed in air just above the fusion point, lead becomes 
coated with a dull i^ray him of suboxide ( PbJ M. At a Itif^her 
temperature lithart;e ( I *bt M is formed, and at a still higher 
temperature litharj>;’e is further oxidized to red lead 
M'he most important of these (oxides in metallur|L»y is litharge, 
'rids melts at C., and is very volatile tit hij^ber tempeia 

lures. It is stron,t»ly btisie, forndni^ tin etisily fusible shi,it' ^^ith 
silieti. The oxides of lead tire reducible with ctirlaju. 

Letid combines with sulphur tit a modertilely hii^b temperti 
ture, formin|4’ ti lustrous, brittle, t*:niy mtiss t!TS), Tins is 
tilso volatile at furmice temperatures, fusiip^; tit (#35* (A* lle.ated 
in the air letid sulphide is converted into the oxide and snlplnitc’. 
If either the sulphide (U' the sulphtite is fused with the (»xide, 
decomposition of botli compounds ttikes pltice with the liberation 
of sulphur dioxide tiud letid. Kotisted i^tdenti cimttiins till three 
of these compounds. 'Plu* suljdnde of letid is ;ds(j decomposed 
when betited with some metals, mdtibly iron, and with str(>n|i( 
basic oxides such as lime. Lead compounds in |.tener;il are de 
composed by fusion with strong bases. The snlpbtUe is ‘^(duble 
in tdkaline tieetale soUitimis, and from these lead mtiy be pre 
cipittited by electrolysis. 

Letid is not retidily tieted upon by either sulplniric or hydro 
chloric tieid, but it is freely dissolved by nitric ticid. 

PREPARATION OF LEAD ORES FOR SMELTING 

'Idle oxidized ores tire etisily reduced with carbomieeous fuel 
tind reipiire no specitd treatment beforebtmd. oilier tbtm '^c»me 
septinition from the gtmgue. (Lalena, to which attentimi is here 
directed, may be further eoneentnited witli gretit iidvtmtage Ijv 
rotisting. 'Pbe ores of letid arc extremely v«aritible in compo'-ition, 
* Cliennonl News* xxi, 29^. 
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Zluc is not a connnon impurity in lead. It imparts a li, filter 
color and renders lead hard ainl brittle. 

Chemical Properties.- 'Phe ehenneal properties of special in 
terest in the metallurgy of lead are its action towaial oxyi^en 
aiul sulphur, its basic character, and the ease with which it is 
reduced from all its compounds. W luai exposed to moist air, 
or when heated in air just above the fusion point, leail hciaanes 
coated with a dulh^ray lilm of suhoxide (l‘hd>). At a hi^^her 
teni])erature litharj^e (Pht)) is formed, and at a Mill hii^her 
temperature litharge is further oxidized tt> red leatl (l‘h.U^). 
The most important of these (oxides in metallur|,iy is litharge. 
This melts at 90^)“ C'., and is \ery volatile at higher tempcja- 
lures. It is strongly basic, forming an easily fusil >le slag with 
silica. The oxides of lead are reducible with carbon. 

Lead combines with sulphur at a moderately high tempera- 
ture, forming a lu.strous, brittle, gray mass (PhS). This is 
also volatile at furnace temperatures, fiising at Ileated 

in the air lead suli^hide is converted into the oxide and sidphate. 
If either the sulphide or the sul]>hate is fused with the tixide, 
decomposition of both compounds lakes place with the Hljcration 
of suljihur dioxide and lead. Roasted galena contains all three 
of these com])ounds. The sulphide of lead is also decomp(Jsed 
when heated with some metals, notably iron, and with strong 
])asic oxides such as lime. Lead compounds in general are de 
composed by fusion with strong bases. 1'he sulphate is sululde 
in alkaline acetate .solutions, and from these lead may he pre 
cipitated by electrolysis. 

Lead is not readily acted Ujion liy either sul]dmric or hydro- 
chloric acid, hut it is freely dissolved by nitric acid, 

PREPARATION OF LEAD ORES FOR SMELTING 

Idle oxidized ores are easily reduced witli carbonaceous fuel 
and re(tuire no sjieeial treatment beforebaud, otlier tlian scane 
separation from the gaugue. (lalena, to which attention is liere 
directed, may he further eoiieent rated with great advantage by 
roasting. The ores of lead are extremely variable in eomposition, 
‘ Cheniical News, xxi, 292. 


and their treatment for the recovery of lead and other metals 
])resenls one of tlie most eoniplieateil problems in metallurgy. 
’The first operati<m is to separate, as far as possible, the lead- 
bearin|4’ mineral from the vein stuff or from other associated 
ores. C'opper and iron pyrites and zinc blende are often present. 
A ‘^n)o<l deal of concentrating may be done at the mine by hand 
pickini^'. h'urther concentratiim is effected by washing', the ji^' 
beini^ specially a<lapted to washiii)^ lead ores. A process em* 
phiyini^ maii^'netie machines for eoncentratinj^ pyritous ores (d* 
zinc and lead is outlined on p. J<)5, 

Eoasting. 'Inhere are but few instances in which lead ores 
are not roasted before smeltin|j^. 'fhe roasting process is, how- 
e\'er, often inseparable from that of smelting, both being per- 
formed in the same furnace. 

If the {»re is rich in sulphur aiul in lump form it may be 
roasted in heaps or stalls, but open air roasting is rarely, if ever, 
resorted to in this country. I'he ore is usually line, crushed 
if necessary, and is roasted in some form of reverberatory 
furnace. 1'he hand reverberatory, described on pp. J3 1-233 
the nmst common. Mechanical roa.sters, and in a few instances, 
shaft furnaces are employeil. 

d'he roaster is often heated by tneans of waste lieat from the 
smelting furnace, tiie two furnaces ])eing under the same roof, 
and the hearth of the smelting furnace being situated on a lower 
level than that of the roaster, and close to it. With such an ar- 
rangement there is a e<msiderahle saving in the handling of tlie 
ore. In connection with the roaster, chambers or flues are built 
for settling the fume. The suhjeet of lea<l ftime will lie 
dealt with in the next chajiter. 

77 /c I* roc ess,- 'I'lie ore is charged through a hopper in the 
roof cd the furnace and leveled down over the liearth. ll is 
charged at the cooler end of the hearth and during tlie roasting 
it is turned and moveil toward the fire bridge. The furnace 
temperature is regulated and the ore is frequently stirred to pre- 
vent fusion. !t is readily seen how fusion or caking wmuld 
check oxidation. 'I'he temperature employed aud the extent of 
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the roasting depend upon the nature of the ore and the way 

in which it is to be smelted. As a rule, the ore is allowed to 

sinter but slightly on the finishing hearth. As it is withdrawn 
the roasted ore contains lead sulphate, oxide and unaltered sul- 
phide, with possibly some metallic lead. The analyses l)elo\\ 
show the composition of an ore before and after roasting. 

Pb Fe Zu SiOo S SO.j O 

Raw ore 47-29 20.36 0.67 0.49 29.86 

Sintered ore 54-27 24.06 0.87 0.80 2.72 2.25 13.41 

Agglom,erating processes are frequently used in preparing 
lead fines for the blast furnace. The material may be briquetted, 
though more often it is sintered. The latter process has been 
otherwise known as “pot roasting,’' owing to the fact that a l)owl 
or pot-like furnace was employed. The Huntington-Heberlein 
process represents the oldest of the pot roasting methods and in 
its various modifications the most used of the up-draft sintering 
processes. The blowing operation is conducted in a l)owl or 
pot-shaped vessel, the blast being introduced through a segmentah 
cast iron grating under a pressure of from six to eight ounces. 
The ore is put into the pots in a hot and partially roasted con- 
dition, the necessary mixture having been made, so that the mass 
will form a coherent cake when incipient fusion has taken place. 
The oxidation reactions take place rapidly with the development 
of all the heat required for sintering. The blast pressure is 
diminished as combustion progresses to the surface of the charge. 
A thin layer of the material on the surface does not sinter, and 
must be mixed with the charge of another operation. The sin- 
tered cake is dumped out and broken to the proper size for the 
blast furnace. 

The above process was originally designed for treating lead 
ore fines, but its application has been extended to the treatment 
of copper-bearing material and various metallurgical products. 
The Dwight-Lloyd sintering apparatus is descri1)ed on pp. 87, 88, 
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LEAD SMELTING 

Lead is at once a very easy metal to reduce from its ores 
and one of the most difticull to recover completely. Unless 
properly j^uarded ai^aiiist, serious losses will result from vola- 
tilization ami fnnn the temlency of lead com|)(mmls to enter the 
slags, d'he subject being a very complex one, otily typical pro- 
cesses will l)e described in this text, d'he subject will be studied 
under three hea<ls, according to the types of furnaces employed. 

REVERBERATORY SMELTING 

d'hough not so mueli used in America, reverberatory furnaces 
arc favored among foreign .smelters, 'Phey belong to older prac- 
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tice, hut in many cases tliey are undoubtcHily more adaptable to 
the localities in whidt they are used than any other furnace. 
They are cheaper to construct and make purer leatl tlian is made 
in blast furtiaces, but tlieir output is smaller and they are not so 
well suited for ores of low or irregular grades. 

Ah a representative of this style the typical Etiglish reverl)era- 
tory may be taken, Tlie main differences in the coitstruction of 
tins and otlter reverberatory furnaces, designed for smellitig 
purposes, may l)e understood from the hearth plan (Fig. H7). 
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The fire-box is shown at the right of the drawing and the flue 
entrances to the stack at the left. The furnace has three 
working doors on both sides and a charging hole in the roof. 
It is built of common brick and lined throughout with tire- 
brick. The walls are held together with buckstaves and tie- 
rods. The bottom is built up with fire-brick, giving the ])roper 
slope from both ends and the back toward the front of the fur- 
nace. Upon the brick work is laid a deep lining of sand and 
slag from previous operations. The hearth slopes toward the 
middle door on the front side of the furnace, and in the low- 
est part there is a sump or well in which the lead accumulates. 
A tap-hole is provided for drawing off the lead from the 
well, and an iron pot is placed outside to receive it. 

The Process. — About one ton of fine ore is charged and spread 
over the hearth. The ore begins to decrepitate at once, since 
the furnace is preheated. The temperature of the furnace is 
kept low at first and the atmosphere strongly oxidizing. Should 
any ore begin to fuse it is raked away to a cooler part of the 
hearth. The ore is turned and stirred on the hearth to facilitate 
even and complete roasting. The roasting requires al)out two 
hours, at the end of which time the doors are closed and the fire 
is urged, to bring on the melting stage. A quantity of lead now 
runs from the ore and collects in the well from which it is tapi)cd 
into the pot outside. Some undecomposed galena also melts and 
forms a layer on top of the lead. This is "'set up” by mixing it - 
with lime, and the now stiffened mass is raked l)ack on the ui)per 
part of. the hearth with the ore. This is followed by anotlier 
roasting and fusing, which results in the liberaition of most of the 
remaining lead. If a large amount of galena still remains more 
lime is added, and the roasting and fusing are repeated. The 
lead is protected by a covering of slack while in the well. After 
tapping into the pot it is ladled and cast into molds. The slag 
contains too much lead to be rejected, and is smelted in a 
separate furnace. This process is only suitable for smelting 
rich sulphides. It belongs to those known as the ''air reduc- 
tion” or “reaction” processes, in which no reducing agent is 
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added, the lead being’ liberated by the double decomposition 
of its own com|)ounds. 

With silicious ores the treatment is ditTerent. I'ormeiiy the 
roasted ore was fused with scrap iron in a reverberatory fur- 
nace ( C'ornish process). 'I'lie ore is hrst roasted somewhat 
as above described, until the residue yields no more lead. The 
residtie is then mixed with coal, .spread over the furnace hearth 
and the iron is added. 1'he temperature is theti raised very 
higln the air being excluded, d'he lead and a small amount of 
unaltered sulphide run (uit, leaving a slag which is almost free 
from lead. The proce.ss has been practically abandoned in 
favor of hearths and blast furnaces. 

HEARTH SMELTING 

d'he ore liearth in lead .smelting may be considered as inter- 
mediate between the reverberatory and the blast furnace. The 
style of liearth u.sed in England, better known as the Scotch 
hearth, is describe<l by Percy,* In this the ore is roasted and 
fused simultaneously, Intt the furnace can not be operated con- 
tinuously on account of overheating. 'Phe hearths used in this 
country work on the same principle exceiit that the iirocess is 
not interrupted, the hotter portions of the furnace being water- 
cooled, 

Tile liearth consist.s essentially of a rectangular, cast iron box, 
.set in ma.sonry, anti above this a rectangular enclosure formed 
by water-cooled blocks of cast iron, with one of the longer 
sides left open. Tins is the front side of the hearth from 
vvliicli the lead flows over an inclined plate when the box or well 
is full. The blast is supplied from three tuyeres iiassiug througli 
tlic liack wall, A hood comnumicatiug with a stack is [daced 
directly over the hearth for carrying away the fumes. 

The Proceii,— A new hearth is heated for some time with a 
good fire liefore any ore is charged. I'he first cliarges are liglit 
and consist largely of silicious slag. Ilie ore, mixed with lime* 
is increased to the normal charge and is covered with a layer 
of fuel The blast in iilaying upon the burning futd brings the 
‘ Metallurgy of Lead, pp. 278-389. 
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lead ores. This furnare is rectangular in cross-section, and in 
some respects it resembles the rectani^itlar copper cupola. The 
bosh walls are waterjacketed, and the upper walls are huill of 
common brick with a lininj^ of hre-hrick. These walls are very 
thick esiKvially toward the base, and are su])])orted on cast iron 
columns. In this style of furnace the shaft terminates at the 
level of the charj^in^^ lloor, the toj) heinjj^ covered with cast 
iron or steel ])Iates. The fumes and products of combustion are 
led downward thro\ij.>1i a steel pipe to dust chamhers. The en- 
trance to the downtake is below the level of the charj^^'in^.,^ floor 
as shown by the circular outline. 

1'lie crucible of the furnace is lined with fire-brick, v^ince 
these are penetrable by molten lead, a bottom plate is placed 
directly under the hearth to prevent wasting of the lead. The 
lead runs from the furnace automatically throuj^di a siphon ta]) 
from which it flows into an outside retainer. Above tlie level 
of the lead in the furnace there is a ta])»hole for the .slaj^. A 
small, easily installed furnace is slumm in b'iji.^. X(). 'Phis furnace 
is of the round type, and is s]R‘cially desi;^med for siiiall opera- 
tions in remote places. 

The Process. The furnace is carefully lieated with a wood 
fire followetl by coke and li^dit char^^’cs of slaj.^. 'Phe blast is 
turned on and increase<l as reepured. f )re is introduced and the 
amount is i^nulually increased to the normal charjj^es. 'Phe sla^if 
is cand’ully watched, this heiuf.^ the best indicator of the con- 
dition of the furnace. Iduor sjiar is sometimes of use in ren* 
derini.^ slags more li([uid. It may he added with advantage to 
eharges containing /Jne or loo much lime. 

d'he furnace having been started, the regular charging is eon- 
tinuecl. 'Phe materials are loade<l in harrows, weigitei! ami 
charged by hand. Materials elasseil as ores consist of raw and 
roasted ores and slags. The fuel is generally coke, though cliar- 
coal and wood are used in .some plae(\s. Iron and iron oxide 
are added as reducing and fluxing agents. la*me is added as a 
flux and a desulphuri/.er. In regular working the analysis of the 
materials is tttade the basis for calculating the charges, d'he 
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condition of the slag is the constant means of knowing how the 
furnace is working. The smelter, noting its api)earance as it runs 


Fig. 89.-Round Type of Lead Blast Furnace. (Allis-Chalmers Mntiufacturing Co.) 

from the furnace and cools, is warned of trouble which he may 
avert by altering the blast or the burden. Experience has taught 
him to estimate roughly the composition of a slag and to ascertain 
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the presence of ahnoruKil ingredients in it, from the physical state. 
The exam|>Ie below is of a typical blast furnace charge.’ 


SJo.„. CuO 7a\0 

IVr I'cr Per Per 

Matrrijil cent. LIh. cent. IA>h, ccul. ia>H, cent, ia>.s. 

Coke ash 15 .pi.s ^.04 26.5 3.97 10 26 1.54 

Slag * nw> 30.0 4o.t> 2t> t) 20.00 

Lead t>re 510 32,6 166,26 19.1 97.41 10.16 51.82 2,4 12,2 

Iron t>re (SiCb). 185 4.3 7.95 74.1 137.0S 3.0 5.73 .. 

Iron ore (Ah,S). 75 4.3 3.22 74.1 4.29 3.1 2.32 

Limestone ..... 115 2.7 3.10 45 5.17 53.9 62.05 

Total.... LtKK> .. 216.57 .. 287,92 .. 143.46 .. 12.2 

Ar ph As cu s 

Per Per Per Per Per Per 

Material cent. Idn. ton Osss. cent. 14m. cent. I4 )h. cent. I4m. cent. Lbs. 

Coke ash 20.4 3.1 


* 

Lead ore 2.5 12.75 5‘b5 12.820.7 102.5 0.5 2.5 2.9 14^ 4.4 22,4 

Iron ore (SiOt) .* 

Iron ore( As,S) .. .. 

Limestone ...... 

Ttdal 15.81 .. 12.8 .. 102.5 •• 2.5 .. 14.8 .. 22.4 

Most of tlie lead in the blast furnace burden is liberated. It 
accumulates in tlie crucible of tlie furnace until of sufficient 
height to how through the channel into the well. Some molten 
lead is left in the furnace all the time as a safeguard against 
“freezing.*’ The lead is ladled and cast into pig molds, auto- 
matic devices being used at some works. It is known as base 
bullion aiul is to be refined. 

Along witli the lead are melted the matte and slag, and some- 
times a speiss. The lead separates almost com|)lctely from the 
other fused substances, but there is never a perfect separation 
of matte and slag in the furnace. 'I'he non-metallic sulistances 
are therefore tapped together into a ladle in which they are given 
time to se|mrate. The ladle usually has the form of a paraboloid, 
and is carried on a two-wheel truck. It is provided with a tap- 
liole a few inclies alcove the bottom. The mixture of matte and 
slag is allowed to stand until the matte settles to the l)ottom. 1'lic 
tap-hole is then opened to draw off the slag. Another method 
* Hofrotii’i ** Metallurgy of Lead,” p. 215, 
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of handling the melt is to allow the slag to overflow the pot or 
ladle. 

The gases passing from the top of the furnace carry with 
them small particles of ore and coke together with a quantity 
of lead fume. The coarse particles are detained in chambers 
situated near the furnace, and the fume is deposited and re- 
covered by one of the methods described at the end of this 
chapter. Five per cent, or more of the weight of ore charged 
may be carried over as flue dust. 

Chemistry of Lead Smelting. — The principal chemical changes 
occurring during the smelting of lead ores may be expressed 
in the following equations : 

PbS + 2PbO = Pb, + SO. 

PbS + PbSO^ = Pb, + 2 s6, 

PbS + 2PbS0, = Pb H- 2Pbb + 3SO,. 

• PbS + Fe = Pb + FeS 
qPbS + 4CaO = Pb, + sCaS + CaSO, 

2PbO + C = Pb, -f CO, 

2Pb0.Si02 -f- Feo = Pb, ^FeQ.SiO. 
2 Pb 0 .Si 02 + 2 Fe, 63 -j- 6 cd = Pk+2FeO.SiO,Hbco,+Fe,. 

The first three equations represent the principal chemical 
changes in the air reduction process. The others belong more 
particularly to the blast furnace process. The relation of the 
more important substances in lead smelting may be studied 
separately with advantage. 

Iron and Manganese Oxides act as oxidizers and as fluxes 
with the silicious gangue of the ore. Some of the iron is re- 
duced by carbon and carbonic oxide, in which state it is a power- 
ful reducer with the compounds of lead. There is an advantage 
in using iron ore in the blast furnace rather than metallic iron, 
because the ore mixes more intimately with the charge. 

Lime and Magnesia act as desulphurizers and basic fluxes. 
If lime were not added to high silica charges the iron oxide 
would be drawn upon so heavily as to lessen the available 
metallic iron for reduction. Limestone is usually cheaper than 
the high grade iron ore which the smelter uses. Some lime is 


vet*}’ <k*sirablc in blast furnace sla^^s, as it favors the separation 
of the matte, lait an excessive amount raises the fusion point 
and remlers the sla|j^ too stiff. 

Zinc lUcndc is a most troublesome substance to lead smelters. 
In the roasted ore it is largely converted into the oxide. It is 
als(» oxidized in the blast furnace, chietly by iron and manf,^ancse 
oxides. The zinc oxide enters the renderinijf it stiff and 
very diflicult to fuse. C'rusls or accretions may result from 
the presence of zinc, causinji^ a chokinj^ of the blast and re- 
tarding tlie descent of the charge. Some zinc is reduced in the 
lower j)art of the blast furnace and volatilized, d'his is oxidized 
and deposited in the u])per part of the furnace and in the dust 
cliambers. 

Copper in the lead blast furnace goes entirely into the matte, 
unless there is not eitough sulphur to combine with it. Where 
this is the case copper will be reduced and alloyed with the lead. 

.irsenic is partly volatilized and partly reduced and alloyed 
with the lead. A still larger ])ortion is alloyed or combined 
with iron in a speiss. T!ie speiss is rather difhcult to fuse, and 
may ffuan accretions in the lower part of the furnace. It re- 
tards the separation tjf lead from the matte. 

. Intimony is. for the most jiart, reduced and alloyed with the 
lea<l If the charge is poor in iron a larger amount is volatilized 
than under normal imnditions in the bla.st furnace. 

Produots of the Lead Blast Furnace.- I'liere are a numl)er of 
these, and tliey are of imijortanee for the relation they hear to 
the recovery of (Hher metals beside lead. 

lUtse /lii/linw.* Practically all lead from a blast furnace con- 
tains silver, and often gold is present. It is known as base hitl- 
Ii(m in contradistinction to gold and silver Imllion. 1'he lead may 
l)C purified to some extent at the smeltery by melting it and 
skimming ofT the dross that forms. It is shipped to the refinery. 

Mciflf. The matte from lead blast furnaces is principally sttl- 
phidc of iron. It also contains practically all of the co|)per that 
may he present and. of course, lead sulphide, (iolcl and silver 
are always i)resent if they were in the ore. 'I'he values are re- 
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covered by roasting and smelting the matte. It may be crushed 
or granulated, then roasted and smelted in a reverberatory or 
agglomerated and smelted in a blast furnace. 

Speiss . — This product may be similar in composition to matte 
except that sulphur is, for the most part, replaced by arsenic. It 
may be treated for the recovery of silver and gold by hrst roast- 
ing to volatilize as much of the arsenic as possible, and then 
smelting the residue with rich pyrites or copper matte. Another 
process consists in melting a quantity of lead with the roasted 
speiss. The lead is recovered carrying most of the silver and 
gold. 

Slag . — Monosilicate slags are the most common ones of the 
lead blast furnace. If the temperature runs very high bisilicate 
slags are formed. The essential constituents are silicates of iron 
and calcium. These may be replaced to a certain extent by 
compounds of other metals, notably manganese, magnesium, 
aluminum, barium and zinc. A small amount of lead is al- 
ways present and sometimes enough precious metal to pay for 
further treatment. The slag is usually allowed to solidify in the 
pot, after which it is dumped out and broken to pieces. This 
is done in order to recover globules of matte or speiss that may 
be present. The slag is the least fluid of all the products from 
the furnace. 

Flue Dust and Fume . — With any furnace in which a quantity of 
lead-bearing material is treated, some appliance is needed for re- 
covering the fume. The method for recovering fume depends 
upon its composition, quantity, temperature, etc. The only 
method in common use until recently was to conduct the fur- 
nace gases through long horizontal flues, the gases being cooled 
in this way and the velocity checked until the solid matter was 
deposited. Some of the flues at tjie older, English smelteries 
were more than two miles in length. Those of the present time 
are much shorter, the settling of the fume being effected in a dif- 
ferent way. Metal and reenforced concrete have been substituted 
for brick in the construction of the flues, and some water-cooled 
flues are in use for quickly cooling the gases. The velocity may 


1)C checked in a shorter <listance by enkar^iiif^^ the due at intervals 
or by ]>artitinning it into chani])ers so tlial the j^Mses nmst pass 
from t)ne to the other. Precipitation of line dust and fume is 
further au^uuented by increasinj^^ the surface inside the Hues, 
thereby creatin^^ nun*e friction. This has been accom|)lished by 
suspeiulini^ metal plates and wires in the Hues, 

The method of condensittj^ fume by forcing it through water 
or by spraying it with water has had but little application on 
account of the difliculties in the management and the cost of 
the apparatus. 

'rite method of liltering through clotli, better known as the 
Lewis ami Ilartlett process, has been in use many years for 
collecting lead and zinc oxides in the manufacture of paint ]ng» 
ments. A description of the process and its application in hearth 
smelting is given by I'. I*. Deweyk d'his process is now .suc- 
cessfully u.sed in connection with blast furnaces. It consists 
in forcing tite cotded, funtedadened gases through muslin or 
wooden bags, sonte feet in length, and i<S inches in diameter, 
d'he large volume of gases from a blast furnace ])lant is neces- 
sarily <listributed to a great number of these bags. I'he l)ags 
are distended by the pressure from within, and the gases pass 
freely through the me.shes of the cloth, but the fume is retain- 
ed. 1'he altem|)l has been made to use bag filters for recover- 
ing the fume fiaati lead roasters, but so far none have been 
made to witlistand the action of the acid vapors. It has been 
fenmd that cUuh which is dyed with titanium chloride lasts 
fcir a muclt longer titne. 

Experiments liave been made witli the electrostatic process. 
11 h* interest tliat the Cottrell proce.ss has awakened, and the 
measure of success it has attainecl in the precipitation of cement 
(lust ant! smtd<e, warraitts some tttdice Itere. 

aiectrieal I^retipiiation.—'Wlule the idea is not new, the suc- 
cessful apjdication of electric current discharges for fume pre- 
cipitation has but recetttly been accomplished, d'he prtK'ess whicli 
* Tmiii. Amer. last, Min. Ktig., 18 » 674. 
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has been worked out under the direction of F. G. CottrelF has 
given satisfactory results, having been used for settling dust, 
fume and smoke. The principle of the process is that of the 
attraction of bodies charged with electricity of opposite signs. 
A simple experiment will show that if suspended matter is 
brought into the field in which a direct current of electricity is 
being discharged from a pointed to a flat electrode the suspended 
particles are drawn toward the flat surface, and may be actually 
deposited there. In order to apply the principle on the large 
scale, a great number of electrodes are placed in the flue through 
which the fume-laden gases are conveyed. The ai)plication 
of a high tension, direct current to these electrodes results in the 
instant precipitation of solid or liquid matter from the gases. 

The dust and fume from lead furnaces are briquetted, or 
otherwise agglomerated, and returned to the blast furnace. 

The figures below represent typical analyses of products from 
the lead blast furnace : 

Pb Cu Fe S As Sb Zn Ag SiO^ FeO CaO 

Bullion. 99 0.05 .. 0.05 .. 0.3 .. 0.6 

Matte. - 9 20.0 42 25.0 0,1 0.05 2 

Speiss . 2 2.0 60 5.0 30.0 0.05 

Slag - 35 45 18 

^ The inventor has given the history of electrical precipitation and of 
his process in T. A. I. M. E., 1912, p. 667. 
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LEAD EEEINING 

Lead for the market nuist he praetieall) pure. Aside from 
the worthless impurities it may contain valuable metals such as 
antimony and the previous metals, d'he relinin^' may therefore 
l)e not only a necessity hut also a clear <4'ain. d'he sei)aralion 
of the base impurities from lead is commonly termed softrinni/. 
It prece<les the piajcess of di\s'il'rcrirji)i(/. 

SOFTENING 

'rids process consists in meltin^' a larf»e <(Uantity of letul in 
a reverberatory furnae'c, and exposinj;^ it to an oxidizing atmos- 
piiere until the impurities separate in a dross or by volatilization. 
The leatl is s<mietimes melted outside and poured into the fur- 
nace, hut it is usually charjL>'ed cold. It is melted down slowly 
to facilitate oxidation and the separation of metals of a hii^her 
meltinii^ ptmu than lead. The <Ir()ss which forms at first is 
dark in color and conttiins much of the copper, arsenic, sulphur 
and. in i^mneral, those substances which do not alloy readily with 
leatl ami winch oxidize nu)sl easily, 'fhe dross is skimmed off 
from time to time so that a fresh surface will he exposed ;ind 
a clean scum of leatl oxide formetl. After tlie first skimminjj^ 
the tempeniture is raised to a full red heat, and if the dross 
fuses, lime is added. The process is sometimes shortened by 
addini^ litharji^e. t Oxidation is further hastened by stirriuf^ tlie 
bath. X'ery efficient stirrinj^^ is effect ed by blowin^jf dry steam 
frtan a jet held under the surface of the lead, but the practice 
is unusual. 

Antimony, if present in considerable amount, is removed by 
ctHdinij; the bath until a crust of antinioniale of lead forms. 
Till* erttst is reumved and the operation is repeated. 

Lea«l that is ricli in copper is li(juale<l before further treat- 
ment. The pi|^^s of eopperdead are placed iu a rever])eralory 
furnace with a slopini^ hearth, the lower part being tovvaial the 
fire-britlge. The leaii is first subjected to a temperature that is 
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below its melting point, and is then moved down gradually into 
the hotter part of the furnace. The lead melts and runs away, 
leaving an impure, coppery residue. I'liis method of separating 
metals of different melting points is called '‘sweating.” 

DESILVERIZING 
I. By the Pattinson Process 

Pattinson introduced his process for concentrating silver in 
lead in 1833. Before that time lead containing very small 
amounts of silver was not desilverized. The only method then 
known for separating the two metals was by cupellation, and 
this was too expensive for poor alloys. Pattinson’s process is 
analogous to the well known methods of purilication by crys- 
tallization in the manufacture of pure chemical salts. It de- 
pends upon the fact that alloys of lead containing less than r)5c) 
ounces of silver per ton (1.8 per cent.) melt at a lower temj>era“ 
ture than pure lead does, in consequence of which the purer 
lead solidifies first when a molten mass of the alloy cools. 

The original process as described by ikittinson, is given in 
Percy’s “Metallurgy of Lead.” The desilverizing plant consists 
of eight or more hemispherical, iron kettles, supi)orted over 
independent hre-places. A truck, running on an overhead rail- 
way, or a crane is provided for supporting the ladle and moving 
it from one kettle to another. The ladle is for lifting out the 
lead crystals, the bottom being perforated to allow the li(iuid 
metal to run back. 

In starting the operation six or more tons of base bullion are 
charged into the middle kettle. The kettle is heated until the 
lead is melted and covered with a scum of dross. Tlie lire is 
then drawn and the dross is skimmed off. Cooling is liastened 
by sprinkling water over the surface of the metal, and any 
crusts that form are broken and pushed down to melt again. As 
the melting point of pure lead is reached the crystals of lead 
begin to form, and the cooling is allowed to proceed slowly. The 
crystals are skimmed off with the perforated ladle, and after 
draining, they are transferred to the next kettle which is already 
hot enough to melt them. The skimming is continued as the 
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crystals form until tlio silver has been concentrated snibciently, 
when the enriched alloy is removed to the next kettle on the 
left, the lea<l crystals hein^»' move<l to the rii^ht. The kettle thus 
emptied is char3i»ed with new lead and the operation is repeated, 
while the eoncentration is conducted in the same manner in the 
other kettles, the lead hecomiujit' purer with each crystallization 
and the alUjy heiujL^' enriched in silver at the same time. As the 
successive porti()ns of the original charge become smaller, full 
charges for the kettles may he matle up by com])ining any jx)!’- 
tions of the same tenor in silver, or portions from another lot of 
Indlion. The purified lead, which contains ])Ut A* ounce of silver 
per ton goes to the market, and the etuached bullion is cuj)elled 
or further concentrated by the zinc process. 

The l‘attinson ]n*ocess is not used in this country. A modillca' 
tion, known as the “steam Pattinson process” has been introduced 
by laice and Rozan, and adopted in many luiropean works, 
d'his consists in melting the bullion and transferring it to a 
special ftnan (T crystallizer, from which both the enriched 
bullion an<l the lead are withdrawn in the molten condition, 
d'he crystallizer is a cylindrical, tlat-bottomed vessel, heated 
iudepemlently and is provided with sternti connection, doors at 
the top for introducing the clnarges ami slide-valves at the 
bottt>m f<n’ emptying. It is covered with a hood which termin- 
ates in a title for carrying off the fume. Two pans are used 
ftn* melting the leatl, ami these are so ]>lace<l that they can 
Ik* tipped to transfer the eontents to the crystallizer. 

'Fhe charge having been received, a jet of steam nnder 4^ 
poutuls pressure is turned on the surface of the lead in the crys- 
tallizer. ddie steam cools the lead and causes a regular separa- 
tion of crystals, besides aiding in the removal of im])urities in 
the dross, Wlien two thirds of the charge has been crystallized 
the steam is shut otT and the li(|uid portion is drawn out. The 
crystals are then remelted anti the deficiettcy in the cliarge is 
made tip with lead of tlie same tenor in silver. The opera- 
tion is repeatetl until the alloy is rich emmgh \o cu])eL Idcvejt 
crystallizatitms are retiuired to render tlie lead sufrieiently pure, 
if to begin with, it contains I4f). li ounces of silver ])er ton. 

20 
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2. By the Parkes Process 

In 1850 Alexander Parkes, of Birmingham, England, ob- 
tained a patent for separating silver from lead, which patent 
recognized the principles upon which this process is based. As 
has elsewhere been stated lead and zinc do not alloy in the true 
sense — from a molten mixture they separate almost completely. 
Silver alloys with zinc more readily than it does with lead ; 
therefore, if zinc is melted with lead and silver, the zinc upon 
separating, carries most of the silver with it. These facts are 
made use of in the Parkes process, or as it is often called, the zinc 
process. 

The arrangement of the refining and desilverizing plant is 
shown in Figs. 90 and 91. It consists essentially of softening 



Fig. 90.— Plan of Parkes desilverizing plant, a, softening furnace ; b, zincing and 
liquating kettles ; c, refining furnaces; d, merchant kettle.s. 



Fig. 91.— Section on CD. 


■furnaces, desilverizing and liquating kettles, refining furnaces, 
merchant kettles and accessory apparatus for handling the lead. 
With this terraced arrangement of the furnaces and kettles the 
lead is transferred after each operation by gravity. 

Desilverization.— The lead is first softened in the usual way. 
It is essential that the lead and zinc too be fairly pure, the pres- 
ence of any base metal interfering with the separation of silver. 
From the softening furnace it is tapped into the large 30 to 50 
ton kettles. It is heated above the melting point of zinc, and 
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uny dross tliat has formed is skimmed off. A defmite <|uuiitily 
of zinc is now added, and when melted, thoroughly mixed with 
the lead hy stirring, 'I'liis recfuires about three-([uarters of an 
hour and is very trying labor. Mechanical stirrers and steam are 
now used hy many operators. The ([uantity of zinc added is 
gaged according to the content of silver. Roswag’s formula 
calls for zinc as follows: 

Z ■ -i- '!'• 

Z stands for pounds of zinc and d' for ounces of silver ])cr ton 
of lead. After .stirring in the zinc the hath is allowed to cool 
(pnelly for from two to three hours. 'Phe zinc gradually rises 
and forms a crust upon the .surface of the lead, d'he cru.st is 
broken up and removed hy means of a perforated skimmer, the 
lead being allowed to drain hack into the kettle. An improved 
skimmer is now used at many works. It is cylindrical in shape 
and is titte<l with a screw t)re.ss for s([ueezing the lead out of 
tlie crusts. The perforated bottom is hinged so that it can 
he opened to discharge the crusts. 1'he rich zinc crusts handled 
in this way may he distilled without any further li((uation of 
the lead. 

I'nless the lead is very poor in silver one zincing will not he 
sufficient. To continue the desilvcrization the kettle is again 
heated and the operation is continued as before. Three or four 
additions of zinc may he ncces.sary, Thv crusts from cacli zinc- 
ing must obviously he poorer in silver that those previously 
obtained. 1'hose of tlie last zincing may he n.sed in the treatment 
of a fresh charge of lead. Samples of the lead are assayed 
before eaelii addition to <letermine how much zinc is needed. 

Tlie zinc alloys first vvdth gold and copper. No apprecialile 
desilvcrization of tlie Iea<l takes place until the other metals are 
taken up. It is po.s.sihle hy repeated additions of zinc to concen- 
trate gold and copper in a separate crust. 

Distillation*- 1'he zinc crusts, if handled with the alloy [iress, 
are chargctl directly into the distillation furnace. A further 
separation of lead is necessary if they are taken from the kettle 
in the old way. 11iey are lieated in the smaller kettle aliove the 
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melting point of lead, and the lead runs away through an 
opening into the smallest kettle. The sei3aration of tlie lead 
from the alloy is, of course, not complete. The liquated lead is 
returned to the desilverizing kettle and the alloy is distilled. 

For the distillation of the zinc from the crusts a small retort 
furnace is used. The furnace consists of a cubic combustion 
chamber, in which a graphite retort is supported in the inclined 
position — mouth upward. The retort is pear-shaped, and it 
may be provided with a tap-hole in the bottom. The neck of 
the retort passes through the wall of the heating chamber and 
into the condenser, the joint between the two being carefully 
luted with clay. Old retorts and crucibles are commonly used as 
condensers. The furnace is held together by an iron frame and 
is swung on trunnions so that the contents of the retort may be 
poured out. Stationary furnaces are also in use. The furnace 
is commonly heated with gas or oil. 

The zinc that is distilled from the crusts and condensed car- 
ries some lead and a small amount of silver with it. It is used 
again in the desilverizing kettle. The residue containing the 
lead and silver is tapped or poured from the retort, and the 
lead is separated by cupellation. 

Cupellation. — The final separation of silver and lead is one 
in which the enriched alloy is melted in an oxidizing atmosphere, 



Fig. 92. 


the lead being oxidized and the oxide removed by volatilization 
absorption and skimming. Fig. 92 represents a cuiiellation 
furnace. It is a small, reverberatory furnace into which air 
is admitted freely with the flame. The hearth consists of a 
cast iron test-plate, having a concave bottom, and a lining of 
such materials as maid, mixtures of clay and limestone and 


PortlancI ccincnt. 1'lic older and more expensive hearths con- 
sisted of wrought iron plates and hone ash lininj^s. d'hc shape 
of the hearth varies from oval to rectanj^ular and stpiare. The 
roof of the furnace dips close to the hearth, and the tine leads 
directly downward. Air is blown in ut)on the char^^^e to Itasten 
oxidation. 

The furnace hein^ at a dull-red heat, the silver-lead alloy 
is cliargvd and melted down. The blast is then turned on, and 
the lead oxide which rapidly coats the surface of the hath is 
driven forward, d'he fused oxide is drawn oil into an iron 
kettle, and a portion of it is volatiliml ami carried down the 
flue which leatls to fume chambers, d'he cupellation is usually 
finished and the silver refined in a separate furnace, the first 
operation hein|>f the concentration of the bullion to upwards of 
70 per cent, of silver. Tlie concentrating process is contiiTiuous, 
lead being supplied as fast is it is oxidixed. 

The lead, after it has been desilverized by the Parkes i)rocess, 
retains from o.h to 0.7 per cent, of xine. With the plant arrange- 
ment above described it is siphoned from the kettles into the 
refining furnaces and refined in the usual way. Any copper and 
gold present will have been removed with the fir.st zinc crusts. 
The zinc, arsenic and other impurities are separated with the 
dross of the refining furnace. The lead is finally tajiped into 
the merchant kettles where, after cooling to the ])ro])er tempera- 
ture for easting, it is cast into |)ig molds for the market, 

ELECTROLYTIC REFINING 

Lead may be purified to a very high degree by electrolysis, 
A number of processes, making u.se of this principle, linvc been 
proposed. ( )ne process, which has been used at Rome, New 
York, was designed for the treatment of work lead, 'flie lead 
is cast into anodes, and these are suspended in a solution of 
lead sul|diat€ in sodium acetate. 1'he cathodes are of sheet brass. 
By tlie action of the current the lead is dis.solved and deposited 
from tlie solution in almost a pure .state. The silver and gold 
are left unattacked, and the other metals are eitlier <lisHolved or 
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deposited in the anode mud. The anodes are usually enclosed in 
muslin bags to keep the precious metals from being carried away 
with the solution. 

Lead is also refined electrolytically in a solution of lead fluo- 
silicate containing free hydrofluoric acid. A large refinery at 
Trail, British Columbia, has been described by J.' F. Miller.'* 'Phe 
base bullion, containing about 97 per cent, of lead is cast into 
anodes weighing 400 pounds. Each tank holds 20 of these and 
21 sheet lead cathodes alternating with them. The electrolyte 
contains 6 per cent, of lead fluosilicate and 12 per cent, of hydro- 
fluoric acid. After electrolyzing for five days the cathodes arc 
removed and new ones substituted. At the end of five more days 
the anodes have been reduced to about 15 per cent, of their orig- 
inal weight. They are then taken out, melted and recast. The 
cathode lead is melted and cast in merchant pig molds. It is of 
great purity, containing 99.998 per cent, of lead. I'he slime from 
the tanks is dried and melted in a reverberatory furnace, and 
is then known as dore metal. This is treated with hot sulphuric 
acid in iron kettles to dissolve the silver. Gold is recovered 
from the insoluble residue, and silver is precipitated from the 
solution with copper, 

1 Min. and Eng. World, XXXIX, 57. 
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ZINC 

History. Zinc is i^cncrally considered as l)ein<^ among the 
modern metals, since hut little was known of it as a distinct 
metal until the ihth century. It was used in making brass 
many years before it was recognized as a separate metal, ddie 
C'hinese were perhaps the first to extract zinc from its ores, in 
fact, it is believed that the first process employed in luirope for 
smelting zinc was borrowed from China. The first important 
zinc works were erected by John Champion, an Englishman, 
his process continuing in use, with some modifications, until 
The Belgian process was originated by Dony, a Ikdgian 
chemi.st, in 'Phis process is now in general use. Zinc 

smelting was begun in the I'nited States in 1850. 

ORES 

Sphalerite (ZnS), commonly known as Blende, is the must 
important ore of zinc. It occurs in rocks of all ages and is 
rarely ever pure. It is often as.sociated with ores of lead and 
iron, more rarely with copiier and silver. 

Smithsonite (ZnCt).,) occurs u.sually in calcareous rocks, anti 
is often associated with other zinc ore.s. It is widely distributed 
but is not often an abundant ore. 

Willemite {iZn( ).Sit)a) is an important ore in some localities. 
Bike smithsonite it is often a.s.sociated with other ores. 

Calamine is, strictly speaking, tlie hydrated silicate of zinc. 
It is commonly understood to include the carlxmates and sili- 
cates of zinc, which are generally associated an<l of ([uite vari- 
able comiKKsitiotu 

Franklinite is an ore occurring in New Jersey It is a mix- 
ture of zincite (ZnO) with the magnetic oxide trf iron and fhe 
corresptmdiug oxide of mangane.se. 

'Phe principal known deposits of zinc in America are in the 
Middle states and New Jersey. The only other hhastern de- 
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posits that are mined arc in \ ir^'inia and I cnncssee. Kansas 
now leads all other states in the i)roducli()n of zinc, Illinois 
holding second place. 

PROPERTIES 

Zinc is of a bluish-white color and takes a high polish, d'he 
fracture is granular or liighly crystalline, de])ending upon the 
manner of cooling. 'Phe tenacity, «as given by Roberts"' Austen, 
is from 7,000 to (S,ooo pounds per setuare inch. Zinc is ductile 
and malleable at 100-150” C., though brittle at ordinary temi)era- 
tures. It is even more brittle at a teini)erature just ])eluw the 
melting point. The melting point is 415“ and the boiling point 
920°. Zinc makes good castings, as it contract.-i l)Ut slightly on 
cooling and does not occlude gases to any great extent. It al- 
loys readily with most metals except lead. 

Chemical. — Zinc is unaltered in pure, dry air. In moist air 
containing carbon dioxide it becomes coated with basic zinc 
carbonate, which coating protects the metal from further action. 
The mineral acicls dissolve zinc, and from some solutions it is 
precipitated by the electric current. All the common metals 
except iron and nickel are precipitated from their solutions by 
zinc. At a temperature slightly above its melting point zinc 
burns in the air, forming the well known oxide (ZnO). d'he 
oxide is infusible at furnace tenii)eratures tliougli it forms a 
slag with silica which fuses at a much lower temperature. Zinc 
oxide may be reduced with carlmm hydrogen and iron. The 
aflinity of zinc for sul])hur is not so strong as that of copper and 
iron. When zinc sulphide is roasted in air it is converted into 
the oxide and sul])hate. 

Impurities in Zinc.— Commercial zinc is known as “spelter.’' 
It is apt to contain lead, iron and cadmium, and often smaller 
quantities of arsenic, antimony and other elements. Lead is 
the most common impurity, a small amount in many cases not 
being olqectionalde, since it actually increases malleability and 
ductility. The presence of foreign elements in general remlers 
zinc brittle, weak and unfit for the manufacture of alloys and 
for plating — its principal uses. 
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PREPARATION OF ZINC ORES FOR SMELTING 

Mechanical Concentration. Umlcr this head may be men- 
tioiRnl vvasiiiiii^' aiitl nia^’uotic conceiitraliom also crushini*’, which, 
ii not essential to the j)rocess of dressing the ore, is always 
essential to sineltinit^. ( )res which contain lij^^ht, earthy material 
may l>e waslied, and those containin]:^ much iron oxide may be 
concentrated with ma.i^netic machines. 

Calcining; and Roasting. ( )xidiy.ed ores are calcined to drive 
off water (water of hydration) and carbon dioxide, d'his prac- 
tice is not followed, however, unless there is an abundance of 
the ore and it is to be smelted without the admixture of roasted 
ore. W ater vapor and carbon dioxide are objectionable in zinc 
smelting as will be explained later. 

Blende is always roaste<l before .smelting. It is essential that 
the roasting be thorough, since the amount of zinc that is left 
in the residues after smelting is largely |>roportional to the 
amount ()f stilphur that is charged with the ore. Zinc ores arc 
always roasted in the pulverized condition. 1 land-raked and 
mechanically raked reverberatory furnaces are generally em- 
phwed. Revolving nmflle aiul .shaft furnaces are also in use. 

W'. B. lilake^ has described a process by which he treats 
blende that is associated with iron pyrites and galena. After 
a j)relinnnary crusliing and concentrating with jigs the ore is 
carefully roastetl to decom])ose the ])yrite. 'Phe iron .shouhl be 
completely <lesulphurized, tliough the blende remains practically 
unalteretl. The roasted ore is jigged again to separate the 
ligltl oxide o{ iron from the blende and any galena. 

Byritous ores of zinc and lead may be concentrated by roast- 
ing at a hnv temperature to convert the iron into the magnetic 
form, and tlten passing the tine ore through tnagnctic machines. 

Scane zinc compounds arc lost during the roasting, being car- 
ried away as dust with the smoke. I'or tltis reason the tern- 
|)erature is kept as low as possible, and the ore is tiot allowed 
to remain in the roaster any longer than is necessary. 'I'he dust 
is collected in chambers built between the furnace and tlie stack. 


Trans. Atner. Inst. Min, Eng., 22 569. 
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ZINC SMELTING 

The Manufacture of Retorts and Condensers, .\ ptittcrv is 
built in connection witli the zinc works. It is ot prime 
importance that the clay for inakinj^ the retorts be ol the prtjper 
composition and texture. Besides its refractory qualities the 
retort must retain considerable tensile .strenj^th in the furnace, 
at the same time ])ermiltin[^ the walls to be made thin enoU|;h 
to be easily |)crmeal)le to heal, and they must he as luni poiams 
as possible to ])revcnt the esca|)e of Kine wq^ors. The elavs 
used in this country come mostly from New jersey and Mis- 
souri, some analyses of which average as follows:’ 



SiOa 

A1..0;, 

I'V-jO;, CaO 

Mj^O Tio.. llyii 

New Jersey - • 

45.0 

37*5 

0.7 

I.O 

‘‘-5 1.5 13.5 

)ty iRjnttnjj) 

Missouri 

49-5 

34.46 


0.8 

0.62 1 2.. SO 


On account of the hi<,di shrinka^a^ of clay, retorts are not made 
of the raw material alone, but this is mixed with from 50 to (h) 
per cent, of old retorts or burnt clay (cliamt)tt). In ])reparin^; 
the material for the retorts the chatnott and clay are separately 
crushed to the proper size and then mixed by shovelHuf.,^ on the 
floor. The mixture with ju.st enough water to develop plas- 
ticity is fed into a mechanical mixer and pitg mill. 'The pug 
mill is essentially a steel or cast iron cylinder in which a hmgi 
tudinal shaft carrying knives revolves. I'he knives may he 
set at different angles to regulate the rate of pugging. The 
cylinder is stationary and is either in the horizontal or the ver- 
tical position. It is made in removahle sections attd is slightly 
contracted toward the discharge end. 11ns feature effects 
some compression of the clay. 1'he machine is provided with a 
hopper from which the clay is taken in hy means of a screw, 
terminating with the first knife. 1'he end of the cylimler at 
which the clay is discliarged is bent at right angle, and the 
mouth is contracted to regulate the discharge. As the ] nigged 
clay flows from the mill an attendant breaks it in pieces which 
have approximately the weight of a retort. 

‘ Iiigall’.s “MetHlhirgy of Zinc and Ca<hninnn** 



Hriurls arr iikuIc ahnust entirely hy machinery. 1hie ani^er 
inaiiiiiua or uiie ot tliis tvjie. is cunmmnly used in this country, 
riir clay is liiari^efl into an upright cylinder hy means t»f a 
hell elevator. A itnt^hinjLj '•‘haft passinj^ thiami^h the cylinder 
carries knives whicli are su set tliat they force the elay down- 
ward as ihev rr\tiKe, The elay thnvs anmnd a ecnaa which is 
centered to form tlie interior <if the retort tube. As the tnhe 
fjf day is |»ushetl dinvinvanl out iT the tnachine it is sttpportecl 
on a Ciiunterpcnsetl iiallet. which permits it to descend only so 
fast as it is timshrd. When enou|4h of the tube has been 
made for a retort the maelnne is stopped and the tube is cut 
witli a sina!! wire. A wooden form is placed ready receive 
file rtioii, The object in usin|^ the funti is U) supptnl the walls 
of the rettut and to prevent injury while it is heini.^; handled. 
Tlu’ end Ilf the retort is closed after it has been placed in the 
form by lampink^ in a disc of day. 

Retorts are now matle in hy<lruuHe liiadhnes at some works. 
These mailnnes are more expensive Init they make better re- 
torts. Tlie ilay, heiii'^ more compressed, is less porous ami 
therefore less prrmealile to ^ases, wliich means greater eeontnny 
in distilling. Xo forni is needed for retorts made in high pres- 
sure maeliiiies, 

iuir$H and .Viv’c e/ iCtU^rts. The circular and elliptical retorts 
are the only styles used in this country, h'he circtilar ones 
are alioiii 50 inches in length and K inches in di»nmeter, ami the 
elliptical ours about 54 inches in length ami H x Mi inches in 
diaiitrler. There is hut little advantage of oite form over the 
Ollier, Idle elliptical shape cjhvitmsly lends more traJisverse 
sirtiiglli to tlie rcinrt as it is supptule<l in the furnace, v^otne 
siiielterH use holli ktmis, placing the round ones in the upper 
rows and the rlliptica! ones he!cnv\ the itlea lieing tliat in direct- 
fired ftiriiacrs the tower retorts are exposed to the higliest tein- 
j»rriiliiri% and are therefore the more weakened, and tliat the 
riiiiiid lilies arr easier to heat. 

Tlie day for file contlensers is pre|iared as almve described, 
lint the coiideiisrrs are usually made hy hamh with the aiti of a 
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simple mold. The condensers are sometimes fitletl with a 
cone of sheet iron, known as a jirolonj^^ 1'he prolong is placecl 
over the mouth of the condenser to collect escapinit \apor of 
zinc. 

Dryiny and A}inealin(j--\lWv hein)^’ remove<I frtnn the f<n'ms, 
the retorts are left in the drying rtuan tor several weeks. 
It is essential that they dry slowly and evenly, since they are 
apt to crack at this tender stage if one part dries more rapidly, 
and consequently contracts more rapidly than another, d'he 
retorts are carefully annealed hy heatitig them slowly to full 
redness and keeping them at this temperature for staue time. 
The annealing furnace is similar to any ordinary pottery kiln, 
and it is built near the distillation furnace for convenience. At 
some plants the waste heat from the <Iislillation furnaees is 
used for annealing. 

The annealed retorts are t)ut immediately into use. d'he eon 
(lensers are similarly treated, though less care is neeessary, as 
they are not exi)osed to such high temperatures in actual ttse. 

The Distillation Furnace.—The fact that zinc is vedatile at a 
comparatively low temperature suggests the best uteaus of sepa- 
rating it from the ore gangue, viz., hy distillation. Accortlingly, 
all zinc smelting furnaces comprise some form of distilling 
apparatus. Of these many forms have been devised, Init «mly 
one is in general use. 

The Belgian process has been in use for more than a hundred 
years, and with whatever improvements that have been intro- 
duced, affecting economy attd output, tin* pritteiples are im* 
changed. Fig. 93 gives a vertical section througli a Belgian 
retort furnace. This is the double furnace, a type tliat is much 
used in this country. The walls of the furnace are Iniilt of 
brick, fire-brick being used above the rire-|)laces, 11ie retorts 
are supported in the inclined position by shelves projected from 
the back walls and fire-clay tiles in the frmtt walls. Each 
furnace carries seven horizontal rows, arranged in tiers, with 
16 retorts in each row. The tiles in the front wall are held in 
position by a checkered, iron frame. The plates of wliich the 
frame is made are set edgewise so as to form continuntions of 
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llu lire A’lay shelves Iiuldin|;j^ the front ends of the retorts. I'hc 
furnace is su|»|»oiied at the four corners by means of hnek- 
sta\es and tie nnls. The flues, shown at the top, lead the prod- 
ucts coinhtistitm intc) the central chimney, winch is partly 
slunvn in elevatitm. 



t las fired furnaces, in connection with Siemens regenerators^ 
are in very genend use. In Kansas furnaces are Imilt t(^ Intm 

natural gas, 

The DistillatioE Prooiss,”’-The retorts, hcitig in position iti 
the fiirnacr arttl liealed to redness, are eliarged with the ore 
mixture. This consists ttf the fine ore mixed with crushed 
aiifliracilr/ The mixture is moistened just HUfliciently to make 
it cotiere wliile cliargiiig, and the retort is tilled rather com** 
pacily. A smalt channel is made over the charge by thrusting 
* Aiiilintcile rciiiliiiahig « high pereeatageof volatile matter i« preferred. 
I« IticttlHIei rtinttle from h»rtl ccml depoiiti, coke mixed with a imall pro« 
IMirticm «if soft coal is iiictL 


ail iron rod to the hack ot the retort. 1 tor the CNcapr iit 

the first ^4(ascs of distillation. The coutlcnsciN aia* tlicn iilaccfi in 
Iiosition and luted to the retorts. The mouth tif eaidi i'onilniser 
is luted with a handful of hrasijue (nudst slack i. 1 tie retorts 
in the upper rows, or llurse in the cooler part ot the iurnai’c 
are charged with the less refractory ore. 

'Phe retorts need hut little atleutiiin until the zinc appears 
When .sufficient time has elapsed for the leases inside tti ha\e ac 
cumulated wdth some pressure, a small tipening is made through 
the mouths of the condensers, from which they escape and Imrii 
in the outer air. The Hames which appear are at first yellowish, 
then liluish and finally whitish. Tinges of red. purple and green 
also appear. The luminous, yellow flame is due to the hyilro 
carbons evolved at the beginning. Carlmn mouoxitle gives the 
tiale-blue, and zinc the greenish-whitc flame appearing towaials 
the end of the di.stillation. 'Phe smoke is generally i»f a light 
color. A brownish tinge indicates cadmium. Tlie effort is iua<le 
to keej) the condensers cool enough to c<nideuse all the /ine va- 
por, hut some invarial)ly e.scapes. The prolong is sometimes put 
on to condense cscapitig vapor as before mentioned. 

The zinc is lap|)e<l from the eomlensers three times in -*4 
hours. After this the retorts receive a fresh charge. IN* lap 
the zinc an iron kettle is supported under the murnh of the 
condenser and the metal is raked out. 'Phe zinc in the ladle 
is covered with coal dust to jirevenl {»Kidalion. Any cinder or 
dross is .skimmed off before pouring. The zinc in cast into flat 
molds. 'Phe spelter is generally pure enough for tire market, 
though refilling is necessary in some instauecH. 

ddiere are some features of the Belgian process which slanv 
poor economy if not absolute waste. At the beginning of tlie 
distillation, when the reducing gases are more or less diluted 
with carbon dioxide and oxygen some of the ziiu* becomes 
oxidized. Being in tlie form of vapor the zinc is deposited in 
the condenser as a powder (commonly known as *1iltie pow* 
der”). This powder assays about f>o per cent, metallic zinc, 
and while it is recovered, it is necessary to charge it again into 
the retorts. Some of the zinc vajior escapes ami biirnH at the 
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!ntKU hs u| the i'niulcnscrs, aiul u smaller amount clitruscs Ihruu^'h 
the walK ot the retort.N.* The rcsi<lues left in the retorts con^ 
tain \aria!>!e amounts ot zinc, which is expensive to recover. 

I he tapping nl ziiua cleanini;’ the retorts and charj^j^inj^ is exceed- 
in.^ly haril labor, ami unhcaltliful as well. In the llelpan proc- 
ess the rciover) of zinc may he as low as S5 ])er cent, or even 
li»\\ei . t »iie oi the main difticulties in zinc smelting is due to 
the tael tijat /iiu’ vapor oxidizes at so low a temperature. 

Man\ .attempts have been mavle to construct an electric fur- 
nace lor smelt iiijt* zinc ores, hut electric furnace processes 
are still in llie experimental sta^e. lilectrolytic processes have 
alsji been proptjsetl, ami these too have met with a measure 

(tf stua'css. 

Spelter of a lii^dt dej,?ree of purity was obtained by It, II. 
Ilopkins who passed zitic vapor throuj^h an incandescent carbon 
liber, It is furtlter claimed that the volatilization losses are less- 
ened am! the yield increased, since a hij^dter temt)eraturc may 1)C 
itsed ill tile rettirts." 

Refininf Spelter, 'riiere is hut one process in i^encral use 
ft»r reiiihu|4 spelter that (T li([ualion. Redislillalion is i^euerally 
nripreditahle. result iu|^ in a hi^h loss of zinc. In luirojie, where 
less pure s|ie!ter is made, and eonscctucntly more refming is prac- 
lieefl. the spelter is treated iu a .small revcrlieralory furnace, 
ill file hearth of vvhicli is a sum|) or well. 

llie speller is tiieltetl down slowly, ami oxidation is prevented 
as far as pos^ihle by usin|( just enou^di heat to elTcct the fusion, 
ami by extdndiuK air. The lead and some iron are liiiuated, 
ami more impurity separates with the dross that forms, 'riic 
zinc, wliielt forms the upper metal layer, is ladled or drawn olT, 
amt the lead is taken «mt wlien it has accumulated in sufticient 
i|iiaiiiity. It may be necessary to further purify both the lead 
ami the zinc In* remeltiuK and li{|uating. 1 'he lead should he 
bri»ui;lii down in the spelter to at lea.st 1.50 per cent. 

^ An Ilk! rrlfirl etnilidiis frcmi %l% to ten per cent, of zinc in its walls, 
Al Miinr works llie rel<irl« are glawl to prevent the almorption of zinc. 

' Mel. and Chent. Hng.., vlii, H4, 


CHAPTER XXV 


TIN AND MERCURY 

xm 

Cassiterite (SnOy) is the only tin ore of inelallurgical nole. 
It is a hard, crystalline mineral, occurring in veins, usually in 
granite or other rocks. Iron, copper and arsenical pvriles. 
galena and wolfram are sometimes associated witli fin ores. 
‘\Stream ore*’ is that which has In^en carried tlown from the 
eroded rocks by water. Tin ore is found in Malay Peninsula, Ho 
livia, the East Indies and England, and more sparingly in CkT 
many, Russia, Spain and Mexico. 1'he famtnis tairnwall fleposits 
were perhaps the first to be worked, these having been v!?%iied by 
the Phcenicians before the time of Julius C'aesar. No iinporiant 
deposits in the United States have yet laxm found. 

Properties.— I'iti has almost the whiteness of silver, with n 
faint tint of yellow. Tlie tenacity is very low, the metal lireak- 
ing under a load of a little more than j,o<k> jHaimls per sqiiiire 
inch. It is quite malleable, however, as may be seen from the 
thinness of tin foil. I'iti produces a eharaeleristie eriicklitig 
sound when bent. This is known as the **cry/* and is supjHised 
to be due to internal friction. Tin melts at ll jilloys 

with most of the common metals and most readily with lead. 
At high t€mi:)eratures it is sensibly volatile. At very low lem» 
peratures it undergoes an allotropic change known as deciiy or 
“tin pest.’* The tin loses its characteristic whiteness and Piiigh* 
ness and becomes gray and crystalline, sometirnes crwmfiliiig to 
powder. White tin may be “infected” by bringing it in corttiiel 
with “diseased” tin. 

As to its chemical behavior tin may he mint to be iiitrriiirdialr 
between the metals and the non»metali. It is basic, like itiosi 
metals toward strong acids, replacing hydrogen, hut it also 
combines with caustic alkalies, forming stimnates, It is imt 
appreciably dissolved by organic acids nor k it alTectetl in dry 
or moist air at ordinary temperaturei. It is oxidked by siitrie 
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iicitl, siikI hy air at teni|>i‘ratures above its melting point. The 
oxide is reduced by carbon at a moderately high temperature. 
Tin combines retulily with sulphur, but the sulphide is decom™ 
pftsed by rousting, yielding stannic oxide and sulphur dioxide. 

Smeltittf.~Tin ores usually require a good deal of concen- 
tration before they can l>e prot>erly smelted. The ore is first 
crushcil and washed, and then roasted to convert the heavy 
arsenides anti sulphi<les into oxides and sulphates. The soluble 
sul|ihates are removed by leaching and the lighter oxides are 
separated from the heavy till oxide by gravity washing. The 
concentrate thus obtained is known as “black tin.” 

If the ore contains tungsten in considerable proportion some 
special treatment is needed. The concentrate is heated with 
salt cake or stKla ash in sufficient quantity to comibine with all 
the tungsten. When the mass softens it is transferred without 
cwliiig to a lixiviating tank and thoroughly washed. The 
tungsiiite of iotla, which was formed during the fusion, is dis- 
solved, and the iron and manganese are throwti down as oxides 
with the tin. The oxides are separated as described above. 

In Engliincl the reduction of tin is conducted in reverberatory 
furniices. A mixture of almut o!te ton of black tin with 400 
jiouncli of anthracite is treated at one time. The proper fluxing 
ngeiits are added and the furnace is made as nearly air-tight as 
IMiiisililc during the heating to prevent oxidation of the tin. 
The charge melts «Iown and the tin that is reduced collects under 
the slag. After several hours of heating the Imth is well stirred, 
and the tup-hole ii ofiened at the end of the operation, the tin 
tieiiif received in iiii outiide kettle. If fairly pure the tin is re- 
filled ill the kettle immedmtely, otherwise it is cast Into molds 
iiiid subjected to further treatment. The residue in the fur- 
nace generally coiitaiiis too much tin to be thrown away and is* 
re^meltecL 

Electric fiirimcei hive recently been introduc€<l for smelting 
tir 

operations are in use for refining very impure 
tin. It ii first **sweited” by a method similar in principle 

if 
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to that for separating lead and copper, 'riie pi|(s are carefully 
heated in a rev'erheratory furnace with a sloping* heartln 'flie 
tin, lieing of the lowest fusion point, melts ami runs awaVi leav 
ing a more or less porous mass of unfused metals. 'I'his. of 
course, retains some of the tin, and is treatetl fm* tlie recovery of 
all valuable metals. 

The second operation called “boiling” is ctmdiuietl in an iron 
kettle. The tin is melted and agitated for several lunirs liy 
“tossing” or by “polling.” In the former method a portion of 
-the tin is ladled out and poured back inlt» the kettle; in live 
latter green timl)er is held under the surface of tlie metal, and 
the liberated gases elTect the agitation. The scum wliicli ft^rms 
is skimmed off, and the process is continued until the tin is suf« 
ficiently pure. The principle of this treatment lies not so mueli 
in the oxidation of the other metals, for tin is more easily 
oxidized than most of them, as in tlie separation of tlie other 
metals with higlier melting points than tin by surface chilling, 
Uses.^^^^ principal uses of tin are in the manufaeture of 
alloys and for plating other metals, especially iron, Hie manu- 
facture of tin plate is de.scrihed in Chapter XX IX, 

Detinning Scrap.—The high price of tin has lead to various 
attempts to recover it from tin jilate. The sliearings from tinning 
mills are treated with caustic soda or oth€*r solvents, am! the tin 
is recovered from the solution by iirecipitation. In tlie Ciold- 
Schmidt process the scrap is bundled and exposed, in a suiiatde 
retainer, to the action of chlorine gas. Hie iron residues are 
removed after drawing out the dissolved stannic chloride. In 
the detinning process old material, including cum ami all kinds 
of tinware, are treated.' 

MEECtJlY 

This metal is often called ‘kiulcksilver*' on aciaiuiit of its 
silvery whiteness and luster, and its mobility, tl occiirH native 
in amalgams or in globules, usually asscK*iated witli other ores, 
and as the sulphide. Cinnabar (HgS) is the (uily important 
ore of mercury. It is of very irreguliir compoHition and is met 
‘ Mill, and Eng. World, xxxv, 1267. 
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witli ill S|)ain, Scmth America, Mexico and the United States. 
Idle largest United States deposits are in California, though 
merenry ores are mined in d'exas and otlier states. 

Properties.-Mercury is a vv'hite metal of very high luster. 
It melts at and boils at about 3()o"C, It is slightly 

volatile at ordinary temperatures. The alloys of mercury are 
called amalgams. Tliese may he made directly with most of 
the common metals, though some can only be prepared by de- 
composing their salts. Silver and gold are especially active 
toward mercury. The low specific heat, moliility, conductivity 
and high s[iecific gravity render mercury tieculiarly litted for 
the manufacture of many f^rms of scientific aptiaratus. 

Mercury is not oxidised by dry air at ordinary temperatures, 
liut when heated to 350 *Tb it is slowly converted into the red 
oxide (IlgO), At higher temperatures it is reduced to metal- 
lic mercury. Nitric acid and hot sulphuric acid dissolve mercury 
readily, hut hydrochloric acid has very little action with it. 
1'he sulphide of mercury is volatile and is readily decomposed 
hy roasting, yielding metallic mercury and sulphur dioxide (the 
temperature being too high for the existence of mecuric oxide.) 
Cinnabar is more completely decompo.sed when heated with 
lime. 

Smelting,— ‘‘The extraction of mercury from its ores is theo- 
retically a simple matter. It involves the decomposition of tlie 
ore liy heat and the conden.sation of the mercurial vapors. The 
latter [irohlem offers some difficulty. It is necessary that the con- 
denser l)e spieious, for a very large volume of gases must be 
dealt with, anti that it lie impervious to the vapor of mercury, 
which in poisonous. The condensers can not be made of iron 
tliroughoiit, on account of the acid in the vapors. Any masonry 
em{>loyecl must be most carefully constructed. Glazed earthen- 
ware and glass are used at some plants, 

A great many styles of furnaces have been introduced, and 
a numlier are now in use for smelting cinnal)iir. The ore is 
commonly decomposed in shaft or' reverberatory furnaces through 
which a forced draft is maintained to drive the products of 
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oxidation and distillation into suitable condensers. Shaft fur- 
naces have generally met with favor because they are adaptable 
to the treatment of both coarse and fine ore. Kxternally heated 
retorts are seldom u.sed. 'I'he Spirek furnace may be taken as 
a representative of modern furnaces.' It consists of a dmible 
shaft for decomposing the ore, and a condensing apparatus. The 
vertical .section (Fig. 94) is through one of the sliufts aiul one 
set of the condensers. The furnace j»roper is built of brick re- 
enforced with iron. The furnace walls are supported on brick- 
pillars resting on a concrete foundation. Fhects of iron turned 
up at the edges are jdaced underneath the pillars to catch mer- 
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cury, and a drain is made in the foundation to prevent 1ms from 
leakage. 'I'he ore is charged into the furnace from a hopjter at 
the top, a special device being used to prevent the escajte of mer- 
curial vapor. The charge is carried on sloping Imrs which can 
be removed for taking out spent residvies. 

Enough fuel is mixed with the charge to decomi>ose the ore 
ahd volatilize the mercury. Air is dniwn through the fur- 
nace by means of a fan. The mercury vapttr together with a 
large volume of sulphur dioxide and other products of com- 
bustion is led through the downtake into the con<lenser. I'he 
' The Mfn. Ind., 1902, 559. 
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condenser is of sufticient capacity to cool down the gases by 
contact with its walls until their temperature is below the 
li(iuefying point of mercury. It consists of a number of inverted 
I’-tubes, arranged as sliown, with the ends opening into hoppers, 
the funnels of wlucli dip under water. The water is held in iron 
boxes. I'he condenser tubes are elliptical in cross-section, and 
are constructed of iron lined on the interior with concrete. 
When comparatively cool, the smoke is led into wooden flues 
in which scKit is deposited, and from which a sntall amount of 
mercury is obtained. Doors are legated at convenient points 
in the condensers for cleaning. 

Mercury is refined l)y straining to separate undissolved mat- 
ter, and l)y redistillation from dissolved metals. Small amounts 
may be purified by shaking with nitric acid. 

Uses.— Mercury is shipped in screw-stoppered, iron flasks, 
usually weighing 75 pounds each. Its chief use is in the ex- 
traction of silver and gold. It is also used for coating mirrors, 
in amalgams and in the manufacture of scientific apparatus. 
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SILVER 

The Precious Metals in History, thjhl aiul sil\t’r arc witlunit 
(lotiht the first metals known to man. Their iisv ami lelalive 
value amuni^ difl’erent peoples of antitphty would natiually di'pend 
upon the sujiply oeeurrin);» close at haml, iria*spce{i\ e e»f the 
fortunes of eoiujuest and tra<lc. The preeiims metals wete lua 
only known to the ohl worhl countries. Imt were found in the 
possession of the aborigines of North and South America and 
many of the islands. 'Plu* inhabitants of MexiiSf and S(»uth 
American countries obtained gold and silver in wotulerfttl c|tKUi- 
titles. In Peru, gold was so ♦abumlant that it was far less val 
ual)le than cop])er and otlier metals. Peing more widely «lis 
tributed in the native state and m(»re easily recoverctl, gold proha 
bly predates silver in tlie arts, and there is stibstantial evidence 
that it, was the first metal used as immey. Silver coins, dating 
back 4 ,(H)o years are mentioned in the Pibled 

The most ancient method of reiawering gold, and (me that is 
still practiced is that of washing it from river sands and alluvium, 
d'he Ph<enicians, Ivast Indians and others employed aKo simple 
amalgamating methods for extracting gtdd. When irtm leads 
came into use rock mining was made pcrs.sible. and conse(|uently. 
gold and silver were produced in Jarger (juantiticH, *fhe Pgyp 
tians mined gold extensively in the upper Nile rt*giom Iml they 
got most of their silver from other countries. The llesharee g(dd 
mines of l^gypt are among the oldest in the world, 

OHEvS 

Native, v^ilver occurs native in .small (|uantities. and as sucli 
is usually associated with other ores. It is found in hake copper 
ami. in general, it occurs iu silieious rocks, not infreffuently with 
a small amount of gold. Isilver amalgam also occurs. 

* Abram bought from l^^hrou the field with the tsivr of IVIirch|irljilt iu 
which to lay hia dead. The price paid was 4i»o »!irkck of stiver, ifcu. 
xxiii, i6. 



Argentite {Ag..S) is tho nujst coninion ore of silver. When 
isolated it is a grayish black substance, sectile and rea<lily fusi- 
ble. It occurs in silicious and other rocks, and is often associated 
with pyrites, galena and other sulphides. 

Horn Silver ( AgC'l ) occurs in Mexico and South America, 
and is often a \ery vahiabic ore. The bromide and iodide are 
also met with, 

Tetrahedrite was menli<med under the ores of copper. It is 
often worked for the silver value rather tlian for the copper. 

Mexico is the leading silver producing country, v^ilver is 
inine«l <.‘xtensi\elv in the Western slates, Colorado leading in 
«mtput, 

PROPERTIES 

Silver, when pure, is the whitest of the metals, and it takes 
a very high pedish. It is tenacious, highly ductile and mal- 
leable, being excee<ted only by gold in the latter pro])erty. Be- 
ing too s<»ft when pure for most purposes, silver is commonly al- 
loyed with copper. The melting ])oinl of silver is <)5o''C\ ; it 
alloys with most metals, and readily amalgamates with mercury, 
While in the nadten state silver is capable of dissolving more 
than 2i) times its own vtdume of oxygen. In comluctivity it 
excels all other metals. 

Chemical Properties Relating to Metallurgy, vSilver is not 
(»xidi/,ed hy air even at high temperatures, hut the oxide ( Ag./) ) 
may l»e formed hv heating it with tlu* higher oxides of lead, 
copper, manganese and other metals. It is |)recipilaled frtun 
stdutions i^f silver salts hy the caustic alkalies. At (\ silver 

ijxitle <!ecc»mtH»ses. Silver is slowly dis.scdved hy the alkaline 
cvanitles. It is readily stduhle in nitric acid and less 
readily in sulphuric acid, It is not appreciably attacked hy 
liydrochloric acid, hut silver chloride is formed hy the double 
decomposition a silver salt with the chloride of another metal 
or hy tlie direct action of cliloriiie gas on metallic silver. Sil- 
ver chloride is scduhle in brine, in solutions of sodium or potas» 
sium thiosulphate aud cyanide and in rather coticetUrated hy- 
droe!d(udc acid. Silver is reduced from the chloride by nascent 
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hydrogen, by certain metals and by fusion with car])()nate of so- 
dium. If to a solution of silver in sodium thiosulphate, sodium 
sulphide is added, silver sulphide is thrown down and the thio- 
sulphate is regenerated. Silver has a strong aftinity for sulphur. 
The sul].)hi(le is decomposed by oxidizing roasting, converted 
metallic silver resulting. In the presence of sulphur trioxide 
silver sulphate is formed. Silver sulphide is converted into 
chloride l)y roasting with .salt or by treatment with a solutioti of 
copper chloride. It is .slowly dissociated by cyanide solutions, the 
silver being dissolved. 

EXTRACTION OF SILVER 

The i)rocesses in use for extracting silver may be classitied 
as follows: i. Smelting Proce.s.ses ; j, .\malgamating Pro- 
cesses; 3. Leaching Processes. 

I. Smelting 

This refers to the smelting of copper and lead ores which 
contain silver. The silver may be associated naturally and there- 
fore be obtained as a by-product, or the other metals may be 
used as alloying and dissolving agents. The manufacture of 
‘'^work lead'’ affords a good example of this practice. Silver 
ores are mixed with rich lead ores and the mixture is smelted 
for work lead, or rich silver ore may be melted with metallic 
lead, 'fhe recovery of silver as a by“])r()duct has been noted 
in the chapters on copper and lead relining. 

2. Amalgamating 

This method of treatment involves the amalgamation of the 
silver in the ore; the separation of the amalgam from the ore 
gangue, and the final separation of the silver from the mercury. 
Silver amalgam is made directly from the metal or from the 
chloride. It is necessary that the ore be in a very finely divided 
state, and in most cases the ore mu.st be chlori<lizcd. 'Phere 
are two ways of chloridizing silver ores, viz., in the dry way by 
roa.sting wdth salt, and in the wet way by mixing with the ore 
a solution of copi)er chloride. 

Crushing.—The ore is first reduced to small sizes in a rock 
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breaker, and is then sul)jecte(l to Hner crushing in slainj) mills, 
Chilian mills, i)ans, etc. Descriptions of crushing machinery, 
other than are given in this chapter, will l)e found in Chapter 
VL 

Chloridizing in the Diy Way. — The ore for this method of 
treatment is prepared by dry stamping, or l)y ])ulverizing in 
other ways, and screening to se[)arate coarse particles. It is 
charged into reverberatory furnaces and roasted to decompose 
the base suli)hides, a low temperature being em])l()yed at first, 
d'he excessive sulphur being driven otY, salt is added, and the 
roasting is continued until the silver has been converted, as 
far as possible, into the chloride. 1'he roasted ore is again 
screened, and is then ready for amalgamation. 

Of the special types of furnaces for cliloridi/.ing silver ores 
Stetefeldt’s is the most important.* It is a shaft furnace heat- 
cd by two tirei)laces, the flues from which pass into the shaft 
near the bottom. A mechanical device is used for feeding in 
the ore at the top, and the bottom of the furnace terminates 
in a ho|)i)er for receiving the ore. 'rhe dust-laden gases 
pass from the top of the furnace into a capacious flue which is 
inclined at a steep angle. Through this the gases are led into 
dust cliambers, which are also provided with ho])per bolt<Mns 
for discharging the accumulated dust, v^alt is volatilized in 
the fireplaces and the va[)or.s pass into the stack with the flame, 
d'he fine particles of ore are roasted and jiartially chlori<lized 
during the few .secomls of the de.scenl, though about half of 
the ore is carried over with the forced draft. A separate firC” 
])lace is provided for roasting the ore that is carrie<l into the 
dust chambers. 

Cylindrical roasters are also used for chloridizing silver ores, 
those of the liriickner an<l Whited lowell types being most 
common. 

Chloridizing in the Wet Way.- d'his deals witli the conver^ 
sion of silver suliihide into silver chlori<le by the reactions with 
cuprous and cupric chlorides, 'fhe copper chloride is generally 
* StetefeldOs paper, with illustrations"— Trans. Auier. Inst. Min. 

43, 3. 
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made by treating copper sulphate with sodium chloi idc, the. 
vitriol being contained in roasted or otherwise oxidized ores. 
The processes of wet chloridation and atnalgamation are so 
closely linked that they are most conveniently stmlied together. 
They will be described under the two typical i)rocesses of treat- 
ing silver ores— in the Patio and in the Amalgamating Pan. 

The Patio Process.— This process originated in Mexico al)out 
the middle of the i6th century. It still survives in its primi- 
tive crudeness, owing to the peculiar conditions there, v'^ome 
of the localities in which silver ore abounds are destitute of 
fuel and even of water, which could be utilized for power. 
Labor being exceedingly cheap and cheap transportation not 
being available to these localities, no more economic ])rocess 
could be substituted. 

The ore is broken and crushed in a Chilian mill or stamj) 
mill, and then pulverized in the arra.stra. 1'he arrastra con- 
sists of a circular, paved floor over which a heavy stone is 
dragged. The stone is attached to a horizontal beam by means 
of chains or straps, and the beam is carried on a post wliieh. 
revolves about a pivot in the center of the i)avement. A stone 
curbing prevents the escape of material during the grim ling. 
In some arrastras more than one stone is attached to the mov- 
ing part. The mill is driven with mules or by water power, 
if available. Water is added with the ore until it is about the 
consistency of paste, and if gold is i)resent, mercury is added 
during the grinding. When ground sufliciently tine, water is 
added, and the pulp, is baled out into reservoirs, where it re 
mains until a large amount of the water has been evaporated 
by the sun’s heat. It is then taken to the amalgamating floor 
or patio. 

The patio is a large, paved court with enough .slope for drain- 
age. The ore is spread on the ])ali() in circular, flat heaps call- 
ed tortas. The larger heaps are upwards of i foot in de]Uh 
and so feet in diameter and contain loo tons or more of ore. 
The heaps are prevented from further spreading by means of 
curbing. Salt is shoveled into the torta and tlie treading is he- 
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A number of mules arc driven around on the torta for 
several hours. 1 he treading is rCvSumed next day with the 
addition td mai^'islral (copper sulphate) and mercury. The 
work is fati^uin^^ to the animals, and is injurious to the feet. 

1 he time recpiired to work off a torta is from 15 days to more 
than a month, dependin<>" on the condition of the ore. Some 
ores amalj^amate naturally more freely than others, and the 
rate ot amal]L»'amation is i>Teatly increased by increasing the 
temperature of the material, d'he torta is not heated artificially 
except by the chemical action of the substances added. 

The next operation is the separation of the silver amalgam. 
A (fuantity of mercury is generally added to collect the hard** 
ene<l grains. The ore with the amalgam is then transferred to 
settling vats, where it is made thin with water and stirred to col- 
lect the amalgam. Tlie gangue, which is the lighter material, is 
kept in suspension and is drawn off with the water. The amal- 
gam is further cleansed of heavy particles of ore, and then 
strained and distilled. 

( )nly about 75 per cent, of the silver in the ore is recovered 
by the patio process, d'he loss of mercury is high, some being 
lost mechanically and some by the chemical action of sulphides 
and chlorides in the ore. 'Phe amount of mercury to be used 
in each o|)eration is determined by first amalgamating a small 
amount ore, or better, by first assaying the ore for silver. 
A loss of mercury which would result from the addition of an 
excess of the chemicals may he prevented by adding lime to 
the torta. 

The Washoe Process. 'Phis ])r()cess is operated on much the 
same principle as the ])ali() process, hut the ore is treated much 
more rapidly and with greater economy and efficiency. The 
work is done almost entirely by machinery, including the prep- 
aration of the ore and the final sci)aration of the amalgam. 
'Phe machinery consists chiefly of rock breakers, stamp mills, 
concentrators, amalgamating pans and settlers. The rock 
breaker and stam]) mill are illustrated and described in Chapter 
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VI. The ore is crushed wet; and to such a dcj^rec tiucness as 
will pass through a 30-inesh sieve. 

The crushed ore is conveyed by the stream of water tluanigh 
the mortar sieves into settling tanks.' series of these tanks 
is arranged in front of the stamps in suilicienl mnn])er to lake 
the entire output of pul[). After filling two or three tanks tlie 
stream of pulp is turned into another set, while the solid mat 
ter in the first slowly settles. The water is <lrawn oil when it 
has cleared sufficiently, and the pulp is transferred to the pans 
for fine grinding and amalgamating. 

The AmaUjamathuj Pan is of the construction shown in iMg 
95. It is a circular vessel having an inside diameter of ainmt 
five feet. The bottom is of cast iron, ami the sides are con - 
structed of wooden staves held at the bottom l)y the easting itselt 
and above l)y iron hoops. Some smaller i)ans are made entirely 
of iron. A vertical shaft, having its bearings in a east iron cone 
or cylinder bolted to the bottom of the pan, revolves and carries 
the agitating and grinding device known as the nmller around 
with it. The mnller is a flat, cast iron ring supported by spread- 
ing arms which are attached to the upper end of tlie shaft. The 
niuller is adjustable at different di.stanees from the bottom of 
the pan by means of the screw and hand wheels at the upjier 
end of the shaft. The lower end of the vertical shaft carries 
a miter wheel which gears into a corresponding wheel tin the 
horizontal driving shaft. If the pan is to he used for grinding, 
the nmller is armed with adju.slahle and renewaljle shoes and 
the bottom of the pan with dies, wliieh lake the wear. A 
steam pii)e is let into the side of the pan for introducing steam 
to heat the pulp. vSomc pans are provided with steam jackets 
underneath. The pan is covered and has an outlet from the 
liottom for drawing off the pul[). 

As the pulp is charged into the ]>au, water is supi)lied from a 
liose. 'rhe nmller is rai.sed and rev(dved at (he rate of tjo 
revolutions or more j)er minute, and is lowered as the <n’e lie 
^ Ores coutaiuing sulphidCvS of iron, etc., or any which iimy cun 
centrated with advantage by wa.shing are run over vunncrs liefurc 
settling. 
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conics finer. In the course of an hour or l\v(/ tlie ore is fine 
enou|i^h for anial^ainatinj^-. 1 1 is heated and niereiirv is ad<led 
in sufficient quantity to alloy with all the siher and remain 
liquid. Copper sul]>hatc and srdl are a<lde<l (*itluT at the he- 
j^anning' of the grinding or with the mercury, ’fhe muller is 
raised somewhat when the mercury is added to pre\ent ‘dlour^ 
ing,” and the motion is maintained for two hours longer while 
the amalgamation is in progress. The speed ot the muller is 
checked toward the end, and when the amalgamation is com 
pleted the pulp is drawn off into the separator. 

The Settler or Separaiar is somewhat like the pan in con- 
struction, exce])t that it is not designed for grinding. I'he bot- 
tom, which is of iron, slopes to one side to allow the mercury 
to collect. In the side of the settler and at different levels are 
holes for drawing off the ]ml]). These are closed with plugs 
when not in use. d'he settler is jdaced near the pan and on a' 
lower level to facilitate the transfer of jailp. 

The pul|) in the settler is thinned with water ami is stirred 
for some time with the muller. This elTects a separation of 
the heavier particles, which settle and remain imdisturhed on 
the bottom, while the lighter material is prevented from settling, 
d'he pulp is drawn off by removing the tippennost jdug and the 
others successively, and finally tlie amalgam with the heavy 
particles of ore, is run out from the bottom. The pulp carries 
some silver and mercury, and is treated in secondary settlers 
(‘bigitators” ) or run over concent rating tables. 

'Phe amalgam is collected from a number of pans and set- 
tlers, and is further cleausecl in a small pan (the *‘idean up 
pan”) with the addition of more meretiry and water. 'Phe 
amalgam is then strained through canvas hags and squee/.ed to 
remove the excess of mercury. 'Pile mercury eontains silver 
and is returned to the pans- The solid amalgam cuke is distilleti. 

The Retort for distilling the merenry is an iron eylimler, 
three to live feet long and one foot in iliarnetcr. It is supported 
vertically or horizontally in a suitable heating furnace. One end 
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oi {Ik* retort is open to receive the charge, and is closed during 
llu* distillation hy a close-iitting iron door. The other end 
connminicates with an iron tube which carries away the mercury 
vapor. At a short distance from the furnace the tube is bent 
tlownward, and the end dips under water. The incline of the 
tube is cooled by passing it longitudinally through a larger tube 
in which water is kept circulating. By this arrangement air is 
prev ented from entering the retort, and the mercury is condensed 
and received in the basin of water. The charge for a retort of 
the above dimensions is al)oiit 1,200 pounds, yielding about 200 
pounds of silver. 

Idle Whashoe ])rocess is tnodilied in different localities to 
suit the conditions. In this country the Boss process, which 
is one of recent <levelopnient, has proved very successful. It 
is a continuous process, employing a series of pans for grind- 
ing the pulp fn)m the stamps and another series of amalgamat- 
ing pan> and settlers, doing away with the tanks. Pan amalga- 
matitm is ;dso practiced in connection with dry crushing and 
roasting, 'i'he ore having ])een chloridizcd in the dry way, is 
ground and amalgamated in pans as in the Washoe process. 
'Pile yield of silver may he as high as 97 per cent., while 85 per 
cent, is considered llie highest yield that can be reached with 
profit hy the Wasluye process. 

Barrel Amalgamation.- Tlie amalgamation of ores in 'Imrrels 
was begun in Ivurope more than a hundi'ed years ago. It is 
still practiced, and is used to some extent in this country, chiefly 
f(»r the treatment of roasted ore. 'Phe barrels are usually made 
of white pine, strengthened with iron, and lined on the inside 
with hhH'ks of wood placed so that the wear is on the end of the 
fibers. The barrel is sigiported on trunnions, one of which is 
Imllow fen* tlie admission of steam. It is rotated by water or 
either power. 'Phere is an opening in the side of the l)arrel 
for introdueing and withdrawing the charge, the opening being 
ehised with a wooelen stopper when not in use. 

A charge of a ton of ore, and usually some scrap iron in 
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small pieces are introduced with enough water to make the mass 
flow, and the barrel is driven at the rate of .15 revolutions per 
minute for two hours. Mercury is then added and the l)arrel 
is rotated for from 18 to 20 hours. The pulp is heated with 
steam to hasten amalgamation. A few hours after the opera- 
tion is begun the charge is examined, and if necessary, water or 
roasted ore is added to bring it to the proper consistency. At 
the end of the operation water is added and the l)arrel is 
turned very slowly to allow the mercury to collect, 'fhe main 
portion of the amalgam can then be drawn oif sei)arately. The 
pulp is received in a large agitator, in which any remaining 
amalgam and mercury are separated. The treatment of the 
amalgam is the same as in other processes. 

Chemistry of Chloridizing and Amalgamating Processes.— Con- 
sidering first the conversion of the ore by roasting with srdt, 
it is perhaps impossible to properly express the chemical changes 
here involved by equations. The reactions probably differ some- 
what between slow and rapid conversion. If the salt is added 
after a preliminary roasting, as is generally done in reverberatory 
furnaces, there are two distinct stages in the conversion, l^hrst 
the base metals are converted into sulphates and oxides, and 
the silver into sulphate. During the second stage the sulphates 
react with sodium chloride, forming chlorides of the respective 
metals and sodium sulphate. Some of the sulphates decomi)ose 
with the liberation of sulphur trioxide. This reacts with sodium 
chloride, forming chlorine, or if water is present, hydrochloric 
acid. The chlorine would attack any metallic silver with which 
it came in contact. The chloridizing may be finished in the 
furnace, though in rapid conversion the ore is exposed to actual 
furnace heat for but a few seconds. In the Stetefeldt furnace 
the chloridation of the ore is but little more than half completed 
during the descent. If it is withdrawn and allowed to cool 
gradually as much as 95 per cent, of the silver may be converted 
into chloride. (Schnabel.) 

The following are essential chemical changes occurring during 
the wet chloridation of silver ore: 
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CuSO, -f 2NaCl Na,SO, -|- CuCl, 

2C11CI, -I 2Hg = Cu„Cl, + Hg,Cl 
Ag,S i CuClj == AgCl + CuS' 

Ag,,S I Cu,Cl, =. 2AgCl + Cii,S 
2AgCl -I Hg, Hg,Cl, + Ag, 

4AgCl 1 ¥e, -I- Hg., = Fe,Cl, + Ag,Hg.,. 

\\ ith the exeeption of the last, these reactions are common to 
all amalgamating processes. By the last reaction it is seen that 
there is a .saving of mercury in the use of iron. Iron is pur- 
posely a<l(lc(l in the l)arrel process, and in the pan process it is 
derived from the mortars, pans, etc. Egleston has estimated 
that for a ton of ore crushed 3J4 to pounds of iron are 
worn from the battery and from 73/ to ii pounds from the 
jnin. 

3. Leaching 

I'he leaching' or so called ‘ivet methods depend upon the 
conversion of the silver, if necessary, into soluble form, leaching 
it from the ore, and subsequently precipitating it from the aque- 
ous solution, d'hey are used chiefly for ores containing large 
(piantities of foreign sulphide. The processes are commonly 
named after their inventors or improvers. 

Ziervogel Process.— Hie ore is carefully roasted, beginning 
with a low temperature, to convert the silver into sulphate. 
Tlie roasted ore is lixiviated with water to dissolve the sulphate, 
and the silver is precipitated with copper, the copper being 
recovered by ])rcci|)itati()n with scrap iron. This process is 
adaptable only to ores containing iron, copper or lead, since the 
suli)hate of silver can not be readily formed directly by roasting. 

Augustm Process.— The ore is roasted and chloridized with 
salt. It is then lixiviated with a saturated solution of salt which 
slowly dissolves the silver chloride. The silver is subsequently 
precipitated from the solution with copper. The process is sel- 
dom used. 

Patera Process.— In this process the silver is chloridized by 
roasting with salt, the chloride is dissolved in a solution of 

22 



320 


MKTArjvURGV 


sodium or calcium thiosulphate, and silver sulphide is precii)ilalc(I 
from this solution by adding sodium or calcium sul])hide. 

The ore is lixiviated in large wooden vats provided with false 
bottoms, over which filtering cloth is spread, ^riie solution 
is conducted from the bottom of the vat into the precipitating 
tank by means of pipes. If the ore contains a large amount 
of foreign matter which is soluble in water it is first leached in 
the vat with cold water. The thiosulphate solution is run on 
the top and allowed to percolate through the mass of ore until 
the silver has been dissolved out as far as is practicable. 

The precipitation of the silver sulphide is hastened by agitating 
the solution with wooden stirrers or by means of compressed 
air. The following equations show the principal chemical clianges 
in the solution and in the precipitation: 

2 AgCl + Na,S,0, --- Ag,S,0, -|- 2 NaCl 
2 AgCl + 2Na.,S,0, = AgAO,.Na.,S.X>n I 2 NaCl 
Ag,S ,03 + ka.,S Ag^S H- Na,S ,03 
Ag,S,03.2Na.,S,03 -h Na,S -- Ag,S sNa^vS.O,. 

The strength of the thiosulphate varies from 
of the salt, depending upon the richness of the ore. v^trong 
solutions are objectionable since they dissolve more of the base, 
metallic compounds in the ore. 

The precipitate is separated by filtration, and is cither dried 
and smelted, or dissolved in hot, concentrated sult)huric acid, 
from which solution the silver is precipitated with copper. 
(Dewey-Walter Pi'ocess.) 

The Russell Process is a modification of the Ikatera process. 
It is used in connection with the latter for recovering silver from 
incompletely roasted ores and for treating ores containing galena 
and blende. 

The ore is chloridized and leached as in the Patera ])r()cess. 
Without removing the ore from the vat it is further leached 
with a solution of copper-sodium thiosulphate which dissolves 
the undecomposed silver sulphide — 

3Ag.,S + 2Na,S,03.3Cu.,S.,0, 3AgA0.,, 2Na.,v^,0, I aCn.vS. 
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i lu* solulinu ot the double salt requires to be circulated through 
the {»rr fur u long time as its action is very slow. 

\\ ith uies eontaiuitig galena the lead is dissolved by the thio- 
NtilplutU* .solution and appears with the silver in the precipitate, 
and Nubsetpiently in the bullion. Russeirs method for getting 
lid ni !lu‘ U‘ad is to add sodium carl 3 onate to the thiosulphate 
solutum. and to lilter otl the precipitated lead carbonate. This 
n<‘rr>.sitales the use of the sodium salt in the solution of the 
nVf, since calcium would he precipitated by sodium carbonate. 

/■nc is dissolved iti the preliminary, hot water leaching, being 
cniuertcd into sulidiate by the roasting. 

The Cyanide Process.- Cyanide of sodium or potassium may 

!«c tisct! tt> dissolve inelallic silver and most of its mineral com- 
jMmnds. A double cyanide of silver and the alkali metal, soluble 
in \\atci\ is formed, and from the solution the silver may be pre- 
i'ipitatetl with ziue or other substances. The cyanide process is 
.li'M'f'ibcd in the chapter on gold. 

SILVER REPINING 

The silver which has been olhained by the distillation of 
aiualgaiu or hy tlie euj)ellation of the lead alloy is further 
purified by remelting with the proper fluxes for removing the 
base metals. The silver is melted in graphite crucibles, the 
crucible being heated in a muffle furnace. If base metals are 
present niter is added to oxidizx them and the oxides are dis- 
-nU cil by aclcling borax, if lead is present it is removed by 
lliruwing some bone a.sh over the .surface of the molten silver, 
file lead oxide that forms being absorbed. The bone ash with 
aiiv dross is easily skimmed off without loss of silver by first 
tluxing it with borax. The silver is not kept in the furnace any 
longer tlian is needed as there would be loss from volatilization. 
It is cast into molds and kept covered with charcoal while cool- 
ing U\ prevent the absorption of oxygen. Electrolytic refining 
luis \ivvn developed for the purification of silver and is now in 
general use. 1'lie process is given on p. 340. 
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GOLD 

Ores.— Cold is only known to occur native and in coml>ina- 
tion with tclkirinni. 'relluridc ores have hcen met with in 
various localities, hut they are rarely (rf importance. Native 
^mld is generally alloyed with silver and often occurs with 

])yrites, galena and edher sulphides. It also occurs in (^xidiml 
ores, is often in (piartx and in other rocks. (»old ores are either 
found in rock mass (reef gold) or beds of earth and gravel 
(alluvial goldj. Alluvial deposits are commonly calk*<l placers. 
They have ])een carried down by water from disintegrated 

gold-bearing rocks, 'i'he gold is generally found in the form of 
small grains or scales, dis.seminaled through the rock mass or 
mingled with the sands. The larger pieces sometimes found arc 
called nuggets. 

Gold has been mined in almost every country. The richest 
deposits so far known arc those of Australia, w^outli Africa and 
North America. Most of the gold in the We.stcrn Hemisphere 
has been found along tlie Cacilic slope. It occurs all tlu* way 

from Alaska to Chili, the richest deposits being in Alaska and 

California. 

Properties.— Gold is easily recogniml hy its distinct yellow 
color, malleability and insolubility in acids. While c^f a yellow 
color in mass, finely divided gold or gold leaf shows eoh>rs in 
\'ariation from green to blue and red hy transmitted liglit. Tlic 
tenacity of gold is about the same as tliat of silver, and in mah 
leability and ductility it exceeds all other metals. A film of gold 
has been reduced to t/87o,()tKy(xx) inch in thickness, 'file melt« 
ing i)oint, as determined hy different experimenters, varies some- 
what, the average falling a little below i,icx>*’ C. At higli tem» 
lieraltires it is perceptibly volatile, the volatility being increased 
by the i)resence of other metals, (lold alloys witli tlie common 
metals and is readily amalgamated. It alisorbs various gases, 
even in the solid state, wlien heated to redness. It is a good con- 
ductor of lieat and electricity. Tlie specific gravity is 10.3, 
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Tlu* presence ot hut iniiuile ([uantitics of most metals readers 
l^old brittle. I he metals whicli have the most marked effect 
upon the properties of o-old are lead, bismuth, arsenic, antimony 
aiul tin. Silver and copper aiul the metals of the platinum group 
harden goi<l hut do not seriously affect its malleability when al- 
loyed in small proportions. Copper is commonly alloyed to 
prevent tlie ra[>id wear of gold in jewelry, coins, etc. 

i'licifiical /b’o/’<vYn\s'.' d\vo oxides of gold are known, but 
neither can he prepared directly from the metal and oxygen. 
Tlie telluride of gohl is decomposed hy oxidizing roasting, 
gold being liberated and tellurium l)eing evolved as oxide. Gold 
is tint dissolved by any single aci<l, but it is dissolved in 
the presence of chlorine, bromine, thio.sulphates and cyanides. 
Dry chlorine <Ioes not attack gold unless it be in the form of 
leaf or powder. (»old is readily precipitated from its solutions, 
ami all its compouiuls are (lecom[)o.sed hy heating in the air. 

THE EXTRACTION OF GOLD 

Idle metallurgy of gold is closely allied to that of silver. The 
methods for its extraction might well be classed in a similar way, 
an exception being allowed for the recovery of gold by simple 
wasliing processes. 

I. Washing 

Washing processes refer to the recovery of gold by settling it 
from a suspension of the ore in water, v^uch methods are not of 
mucli significance, though they are widely used by unprogressive 
peo|)lc ami serve to some extent the purposes of prOvSpectors. 
MentifHi only is made of the washing in pans and by means of the 
enuile ami the tom, 'fhe pan is usually a shallow, sheet iron 
vessel witli a <leprcssi<Hi in the liottom for retaining the gold, 
'fhe [lan with the earth is held under running water and given a 
rotary motion. The gold settles and the lighter material is 
carried away with the stream. 

'riie cradle is a trough-like liox, mounted on rockers and in- 
clined slightly. ( )n the bottom of the box are riffles and above 
the bottom is a sieve. As the ore is thrown on the sieve with 
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water the fine material is wawshed through and flows down the 
inclined bottom. The earthy matter is carried over the riffles 
and the heavier gold particles arc caught. The settling of the 
gold is aided l)y rocking the device. 

The tom works somewhat on the same principle, though it 
is of different construction. It consists of two stationary, in- 
clined troughs so placed that the one delivers the stream into 
the other. The U])per trough, which receives the ore, is pro- 
vided with a sieve at the lower end to prevent gravel from ])asS“ 
ing out. Sufficient water is rim into the up])er trough to sluice 
out the ore. Tht stream passes over riffles in the lower trough 
and deposits a i)art of the gold, 'fhe length of the tom varies, 
being upwards of 30 feet. 

All purely washing methods are wasteful, often recovering 
only half of the gold, 'fhey arc used ])y Chinese for working 
the tailings of some larger operations in California. 

* 2. Smelting 

Gold that is associated with the base metals, coj)per and lead, 
is recovered as a l)y-product when the ores of these metals are 
smelted. In some instances, gold ores are treated l)y mixing 
them with rich lead ore and smelting for work lead. 

3. Amalgamating 

The treatment of ores bearing precious metals varies greatly, 
Owing to their variation in value and in i)hysical condition. (»old 
and silver amalgamation processes are in many cases identical, 
but the amalgamation of gold is usually a less dillicult 
problem, and may l)e accomplished ]>y simpler means, (h)l(l 
ores arc classed as *‘free milling’’ and ''refractory,” the former 
being such as may be amalgamated without preliminary treat- 
ment other than crushing. Of the gold amalgamation processes 
the most important are those of hyclraulicing, dredging and 
milling. 

Hydraulicing.—This process comprises l)Oth the mining of tlie 
oi"e and the extraction of the gold. It consists in wearing down 
the bank of ore by means of a si)ray of water under powerful 
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pressure, aiul coudueting the stream through sluices to deposit 
the gold. Mercury is placed in the bottom of the sluices to col- 
lect the gold. 

'The water for hydraulic mining is brought from upper coun- 
try, often many miles distant, in conduits or flumes, and is de- 
livered at the work in an iron pipe about 30 inches in diameter. 
The water is led to the iJroper position in smaller pipes which 
are pro\'ided with ino\'ablc noz/des called ‘hiionitors” or “giantsd^ 
The direction of the stream is determined by an attendant. 

Sluices vary much in length. The average is about 1,200 yards,, 
though some are several miles in length. The width is 3 to 6 feet 
and the depth about Jj/l feet. 'Phe sluice is built of plank and 
gi\'en an incline of about 6 inches for each 12 feet, or more for 
sluggisli material. 'Fhe bottom is paved with wooden blocks, or 
more commonly, with stone. 'I'he spaces between the stones are 
|)artly fille<l with line gravel and upon this the mercury ^^ured. 
The stream runs through a grizzly to separate bould(^'^vhicHV, 
should not be carried into the sluice. 

The greater part of the gold is retained in the first hun^^ feet 
of the sluice. At intervals the mercury is removed, am^^long 
intervals tlu* entire pavement is taken out and the mer^r^ 
covered, d'he amalgatu is washed and the gold is sepa^tiii 
<me of the usual methods. 

Hydraulic mining has been stopped by law in many IdKaTAie.^ 
<m account of the injury to agricultural interests. 
damage has been due to the filling of river channels wifti 
enormous cpiantity of tailings from the sluices, result;nTg| irr a 
submerging of the low lands. The practice has been tollp\^d 
dnefly in California. ri 

Dredging, - 'riiis process, like hydranlicing, is more of *'minin|^ 
th;ui a metallurgical proposition. It has been substit§f||l for 
hydranlieing in some localities, being of more recent devffignent’; 
and is now managed so as not to seriously injure ag:^gtural 
lands. ■, 

'I'lie <lre<lge is a huge machine for raising, concentrating and 
amalgamating soft ores. The ore is raised by bucket belts, dip- 
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l>rr> or utiu*r means, and is delivered to the concentrating and 
ainalganiating apparatus. 'Phe entire machinery is floated on a 
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sc.tvv. M> that it is easily moved. The dredge can only be used on 
river iK.ttoins or inland so far as it can dig its way and be fol- 
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lowed by the water. In .some instances water is pumped to 
higher levels to float dredges. 

Milling. — This has reference to those ])rc)cesscs in which the. 
ore is crushed before amalgamating. ( >f the diiferent mills em- 
ployed for crushing gold ores but two need l)e mentioned here - 
the stamp and the Huntington mills. 

Stamp mills, designed especially for crushing gold ore.s, dif- 
fer in but few details from .those used for silver ores. With 
free milling ores amalgamated copi)er plates are fastened length- 
wise and inside of the mortar, and the stream of pulp is led from 
the mortar over additional plate surface, and finally through 
sluices or concentrators. A small amount of mercury is usually 
fed into the mortar. The plates are i)repared by rulibing mer- 
cury over the clean surface to form an amalgam. A better amal- 
gamating surface is made by first plating the coi)per with silver. 
The plates are more effective after some gold amalgam has l)een 
formed. Brass plates, containing 60 per cent, of coiiper and 40 
per cent, of zinc (Mamtz metal), have been used lately with good 
results. 

The first plate, which is necessarily the width of the liatlery, 
is called the ''apron.” It is contracted in width toward the 
lower end which is about 15 inches wide. The num1)er of plates 
employed depends upon the capacity of the mill and the rich- 
ness of the ore. The pulp pa.sses from the jdates into a sluice 
lined with amalgamated plates, and thence over riffles in whicli 
mercury is placed. The plates near the stam|)s are scraped at 
least once a day, and those farther down at longer intervals to 
remove the amalgam. They arc cleaned afterwards with cyanide 
of potassium and rubl)ed with mercury. 

The tailings from the sluices may ])c concentrated on tables or 
vanners and amalgamated in pans or l)y means of other amal- 
gamating machinery. Vanners arc commonly used for concen- 
trating ores containing sulphides. Concentrates wliich, can not 
be readily or profitably amalgamated may 1)e treated l)y one of 
the leaching processes. 

The gold amalgam, as obtained above, is first washed with 
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uu’iiiu), and tluii, aftci s([ucczin|^ out the excess of mercury, it 
is returted. I !u* nulhods used are the same as those for treating 

silver amalgam. 

dlie s!aiu|iing «d' free milling ores is open to objections. The 
mineral matter is ground into the particles of gold, rendering 
them less rea<lily ahs(jrbed by the mercury. This also causes 
a larger the gold to float instead of coming in con- 

tact with the laipper ]>lates. iTirthermore the loss of mercury 
is legh, due to “tlouring an<l “sickening.” By the former term 
is tneanl the Ittss of minute globules formed mechanically, and 
the* latter term has reference to the darkening of the mercury due 
to a coating of mineral matter. These difficulties are overcome 
in a measure fw crushing iti roller mills. The Huntington mill has 
given satisfactory results, e.specially for the softer ores. For 
the illustratimi and description of this mill see p. 76. 

4. Leaching 

Plattner Process, The gold is converted into a soluble chloride 
hy tlte uctitHi of chlorine in the j)resence of moisture. This is 
1ea«*hrd frotn tlu* ore with water, and the gold is precipitated 
with ferrtnts sulpimte, charcoal, hydrogen sulphide or other 
agents, 

Hie prtH’css is adaptaljle to many ores and concentrates which 
can not he treated hy an amalgamating process on account of 
the impurities they contain, 'fhe ore is commonly calcined or 
roasted to render it more porous, or to oxidize sulphides, arsen- 
itles, etc., wlticlt cause a high consumj)tion of chlorine by their 
reaction with it. Sintering of the ore is avoided as particles 
Ilf gold wcnihl he enveloped in the inert mineral matter. Also, 
ores coiilainiiig nmeh silver are more difficult to treat, owing 
to the protective e<uding of silver chloride upon the gold. 

Tlw clilorine is either jn-epared in a generator from manganese 
dioKiclc, sodium chhiride and suliihuric acid, or in the same 
vcHsel with tlie ore from chloride of lime and sulphuric acid. The 
former method is more common. The chloridizing vat is gen- 
erally matle of wood with a protective coating of tar. The 
vals holt! from two to live tons of ore. Some are arranged for 
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agitating the ore and for maintaining it under pressure during 
the chloridizing. The action of the chlorine is thereby made 
more rapid and more complete. The moist ore is subjected t<.) 
the action of chlorine for al30Ut two days, or less time if the ore 
is agitated. The vat is then uncovered, and after blowing out 
the excess of chlorine, the ore is leached with water which dis- 
solves the chloride of gold. Any mineral matter which is car- 
ried through is removed by settling or by filtration, and the solu- 
tion is run into the precipitating tank. The precipitating agents 
which have so far been used successfully are ferrous sulphate, 
hydrogen sulphide and charcoal. 

2AuC1, + 6FevSO, = Aiu + FeXl, + 2Fe,(S()/), 
2AUCI3 + 3H^S = AiUvS, -f 6iICl. 

The reaction with chaixoal is not understood, though it is 
supposed to be due to the reducing gases it contains. It is 
slower in its action than the other reagents and cloc.s not i)re- 
cipitate the gold at all in the presence of free chlorine, d'he 
solution is filtered through charcoal powder until tlie gold is 
exhausted. The charcoal is afterwards Inirnt, and the gold is 
recovered from the ashes. 

Ferrous sulphate is added to the tank and thorouglily 
agitated with the solution. After standing, the supernatant 
liquid is decanted off and the gold residue is collected, washed 
and refined in crucibles. O'he li(|uid which is drawn olT is al- 
lowed to stand for some time in a vsettling tank, since it will 
throw down more gold. It is finally , filtered through sawdust 
or sand from which the gold is recovered. 

The precipitation with hydrogen sulphide is a more recent 
practice, and is more rapid than the other methods. Free 
chlorine is first removed from the solution in the tank by pass- 
ing through it a stream of sulphur dioxide, and this is followe<l 
by the hydrogen sulphide. Both reagents are generated at the 
plant and used in the form of gas. After settling, the l)ulk 
of the solution is decanted off, and the precipitate is recovered 
by filtration. The residue is dried and smelted. 
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The Cyanide Process. It has been known for perhaps a 
itiuui) that g'dld is soluble in cyanide solutions. Considerable 
attcuti<jn was given the siil)ject by scientific investigators during 
the inidilU* irf last century, and about the same time Elkington 
patented a process for plating with cyanide solutions of gold 
an<l siU ef. I he growing nece.ssity for a more efficient method 
of treating low gratle gold ores led to a great deal of experiment- 
ing aiul in many attcintgs to commercialize a cyanide process. 

1 he first successful process was worked out in Scotland by Mac- 
Artluir an<l Forrest, their success being due to the efficiency of 
llieir method in the u.sc of a weak solution and of fine zinc shav- 
ings for precipitating the gold. Since the first installation of the 
cyanide proce.ss under the MacArthur-Forrest patents in 1889 
progress has been rapid, the process being now used in all gold- 
prtHlitcing countries and in a large measure replacing other pro- 
cesses. Hnoriitou.s {[uantities of low grade ores, which could 
not he sueecs.sfitlly treated in any other way, are now leached 
with eyanitle, atid this method continues to grow in adaptability 
ami importance. 

The cyanide process may he employed, provisionally at least, 
for extracting gold and silver from all their ores, its limitation 
being tletermined by economic considerations. It is of primary 
anportance that the gold l)e in the form of very thin flakes or 
fme grains, and that the ore be .so finely ground or so porous as 
!<» expose the metallic particles to the action of the solution. It 
IS very common practice to treat ores ])y coml)ined amalgamating 
ami cyrmide processes. 

T!te principal ojierations in the cyanide process may be stated 
as fcdlows: Preparation of the ore, solution of the gold and 
silver, separation of the solution, precipitation of the gold and 
silver, smelting the precipitate. The flow sheet of a cyanide 
preress is shown in Ing. 98. 

/*reparatkm of the Ore includes crushing and any dressing or 
concentrating proces.s that may l)e employed prior to cyanidation. 
Hock breakers, stamps and the different types of mills equipped 
with rolls are used for crushing and pulverizing the ore. Both 
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dry and wcl crushin^^ arc in praotic'c. the latter hcini^’ nuudi innrc 
common. The criishiiif^ is not infmjnontly perforined in a 
cyanide solution, the time recjuired ftn* treating’ the ore Imng 
shortened hy this practice, and there is the further advantage 
that the solution a|)plie(l later is not ililutetl as is the case after 



crushing’ in water. Sometimes the ore is calcinetl or roastetl 
Heating clayey or talcose ore gives it a incjre granular ant! 
porous texture, which may greatly facilitate tlie leacliing {Opera- 
tion, The removal of sulphur hy roasting sliortens the time 
required for leaching, and may iitcrease tlie yield of values roti- 
siderahly. Telluride of gold ami sulphide of silver are decom- 
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l)osed, and in general, the precious metals are liberated from 
refractory compounds in which they are intimately held chemi- 
cally or mechanically. But roas^ting methods have been dispensed 
with in many instances in which very fine grinding is practiced. 
Roasted ores or those that have been subjected to atmospheric ox- 
idation usually contain acid salts of base metals which would react 
with the cyanide reagent and destroy its useful work. Such ores 
are given a preliminary washing with water or lime may be 
added to neutralize any acid or cyanicide present. 

Jiard ores which crush to sands are more readily leached by 
percolation, while soft ores which form slimes can be leached 
more advantageously by lixiviation. A great many ores are 
composed of both sand and slime-forming materials. xA^fter 
grinding these are classified, and the products are treated sep- 
arately l;)y the appropriate methods. If enough free-milling gold 
is present the pulp is caused to flow over amalgamating plates 
before leaching. 

Solution of the Gold and Silver . — Since the solution of gold 
in potassium cyanide is not rapid, the ore is kept in contact with 
the solution for a considerable length of time. The reaction is 
liastened by introducing air with the cyanide. Oxygen is essen- 
tial, as has been demonstrated both by experiment and in practice. 
According to Eisner the essentials of the reaction are as follows : 

4Au + 8KCN + 2ILO + 20 = 4KAu (CN), + 4KOH. 

Chemical oxidizing agents such as the chlorates, peroxides 
and the halogens may be used with good eft'ect. The solution 
of metallic silver is analogous to that of gold. The solution of 
silver sulphide may be expressed as follows: 

AgoS + 4KCN = 2KAg (CN)o + KoS 

There are two distinct methods of applying the cyanide solu- 
tion to the ore, viz., by percolation and by lixiviation. 

Percolation is effected in wood or steel tanks varying in capac- 
ity from 5 to 500 tons or more. Shallow tanks are favored, 
since in deep ones many ores would pack and become impervious. 
The ore is supported on a false bottom upon which is laid cocoa 
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matting and upon this a filter cloth is spread. The tank is |)ro 
vided with a drain pipe, wliieli is fitted with a regulating vahe, 
and in some instances compressed air is used f(ir agitating and 
aerating the charge. The ore is leached hy covering it with the 
solution and drawing this off’ after giving it time to disstdve the 
gold and silver. (.)xidalion is effeeted hy introdueing eompressed 
air or by drawing off the solution to alltjw air to enter by the 
j)C)res thus 0])encd. It is essential that the ore he evenly <listrihuttal 
in order that percolation shall he uniform. If tlie tank is tilled 
with wet pidj) some device is needed to (dVset the sorting aetion 
of water. A common and elTeetive distributor consists of a 
revolving, funnel-shaped ves.sek which is suspendet! centrally 
over the tank, receiving the ])ulj) ami discharging it through a 
number of projecting arms of different lengths. At their dis- 
charging ends these arms or pipes are bent at right angles, ami 
the revolving motion is given the distributor by the pressure (d 
the outflowing pulp again.sl the atmosphere. The surplus water 
is removed from the pulp, and it is leached first with a strtatg 
solution, containing 0.2 per cent, or more ami then with a weak 
solution, containing 0.1 jier cent, or less <jf cyanide. Iwh sohi 
lion acts as a wa.sh for the ])revious leaching, and the successive 
leachings are continued so long as it is prolitahle. 

With ores that are cruslied and pul into the tanks <lry there is 
obviously no separation of sand from .slime, ami if mmdi slime 
is present the ore may he improved for pereoIati«m hy mixing 
sand with it. The first solution is geiterally atlded to a dry 
filled tank from the bottom, since hy this method iltere is less 
tendency toward the formation of channels with the attendant ir^ 
regularitie.s, and he.sides, time is .saved, for the solution may lie let 
in at the beginning and be well up to the surface of the ore when 
the tank is filled. 

Lixiviation metluxis are used with slimes ami ores which com 
tain mnch alumina or other matter which makes percolation dif» 
ficult. Lixiviation is favored at the present time as is shown by 
the rapid develoimient of the ‘kail sliming*’ processes. In these 
the ore is completely reduced to slime and leaclied hy lixiviation 
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r\iiiisiu‘!y. lu tinirr that the cyanide solution may not be 
ililiilrd fiHi iimclG the slime from the classilier is thickened by 
rriinniiig ilir e\i*essi\ e amount of water. A number of methods 
fur a|.:it;atn|4 the ptilp with the solution have been devised. In 
siiuir it in eticcU’d liy means of compressed air, and in others the 
In i'irculatcd. Mechanical stirring is also common. 

.Safiirn/iioi o/ till* Sidution from the spent ore is accomplished in 
flic pc'iitdaf lou tank by j^ravity flow throue^h the filter bed pro~ 
\iilrtl. aiitl no special accessory a])paratus is required. The 
iiaHirr of sliiiu s renders tlie separation from them more difficult. 
Tiir soiuiitiii is separaleil from this class of material by decanta- 
liiiii am! tiltralimi. often by a coinhination of the two methods. 
Tlir filter press was introduced in early practice, ’ and it is still 
r\teiisi\ely usetl. hut the leaf filter is now more common. The 
feature that is common to the nniny different makes of this ap- 
pliance is ilie filter leaf. This is a stout frame over which filter 
elutli is streUiied and thrtm^^di which the solution is forced by 
smiitns or pressure, A lilterini^ ajipliancc makes use of a num- 
ber of these leaves, whicli in some are stationary and in others 
niMvahle. In either case tlie liltcr leaf is suhincrii^ed in the solu- 
li«in ami pulp while the suction or pressure is exerted to force 
the sohuion throu^li. A cake of pulp forms upon the leaf, and 
before this becomes too thick and impervious the filtering opera- 
tion is iiiiernipted, waslt water is drawn throiyi,di it, and then the 
cake is ilciarhed ami discardeil. 

rrccifibifimi n/ ihe Cadd and Silver. The ])recipitant most 
einidoveil is zinc cither in tlie form of fine shavings 
of siiielter tliist,* 1 he shavings are cut on a lathe fiom the 
Cflgrs tif plates of zinc, wliic’h are held logcthci while being 
liiiiietl. Tlie shavings are supported on wire screens in compait- 
iiieiil bfi^rs IIS shown in log. UP. The boxes are made of wood 
am! laiiilrd on the inside with paraffine, 'fhe solution is sup- 
plir.l tliroiiglt the pipe shown at the left. It passes under the 
first |iartilioii and overflows llic next, and so on, rising tluough 
r;ic!i 'c«>iiiparlineiit in wiiieh the shavings are contained. The 
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Spent solution is carried away through the overflow pipe sliown at 
the right. For drawing off the precii)itate and cleaning up, each 
compartment is provided with a drain pipe in the bottom. 



Fig. 99. 


The gold is precipitated in the form of a Iflack powder 
adherent to the zinc. This falls down to the l)Ott()m of the 
boxes with particles of zinc as slime. Metallic silver also is [)re- 
cipitated with the gold. 

There is some doubt as to the changes involved in the pre- 
cipitation of gold, though it is supposed to be electrolytic. 
That it is not simply a substitution of zinc for gold is shown 
by the fact that the weight of zinc dissolved is not a chemical 
equivalent of the gold precipitated. The substitution would be 
as follows: 

2AuK (CN),. + Zn =: K,Zn (CN), + 2 Au. 

In practice about 12 ounces of zinc are required for * ounce 
of gold deposited. The gold is never recovered com])letely 
though as little as four per cent, may be left in the solution. 
Impurities affect the precipitation, and when the solutions be- 
come heavily charged they are inirified or rejected. Copper 
in the solution is deposited upon the zinc, retarding the deposi- 
tion of gold. Since strong solutions react with the zinc more 
rapidly than weak ones do, cyanide is sometimes added to the 
solution as it comes from the leaching vat. It is essential that 
the zinc be in finely divided form, hence the use of thin sliav- 
ings. Furthermore, the action is t\ot rapid until tlie surface 
of the zinc has become etched by the solution. 

The use of zinc dust was proposed early in cyanide practice, 
and though the results were unsatisfactory at first, it is now in 
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general ust. The dust is emulsified with water, and is mixed 
with the solution as it flows to the filter press. Practically com- 
plete precipitation takes place immediately. Dust has the ad- 
vantage over shavings of mixing more quickly and intimately 
with the solution, insuring rapid and complete precipitation, and 
the harmful effect of the copper coating is offset by the constant 
supply of fresh zinc. 

Another substitute for zinc shavings is the zinc-lead couple, 
prepared by immersing the shavings in a dilute solution of lead 
acetate. The lead-coated shavings are transferred immediately 
after preparation to the gold solution. This method has the 
advantage of being very rapid and of not precipitating copper. 
The gold residue contains a large amount of lead, which is 
objectionable. 

Electricity in the Cyanide Process . — Electrolytic methods are 
of later origin, but they are being used quite successfully. Two 
processes will be noted. 

The Siemens-Halske process, which has been used chiefly in 
South Africa, is applicable solely to the treatment of the gold 
solution. The ore is leached as in the ordinary cyanide proc- 
ess, and the solution is electrolyzed in wooden boxes i8 feet 
long, 7 feet wide and 3 feet deep. In these are sus- 
pended 89 sheet iron anodes and 88 cathodes of sheet lead. 
As the solution is circulated through the boxes it is subjected 
to the action of the current, and the gold is deposited upon the 
lead. The anodes are enclosed in canvas to hold the compounds 
that are formed by the action of the cyanide on the iron. 

In the Pelatan-Clerici process, developed in this country, the 
solution is electrolyzed while it is in contact with the ore. The 
process is therefore a single operation. The ore is mixed in 
the vat with enough water to make it quite liquid, and it is 
stirred while solution and precipitation are in progress. A 
rotating agitator is employed, to the arms of which the iron 
anode plates are attached. The cathode is a circular plate of 
copper, covered with mercury, and it is supported horizontally 
a few inches below the anode. Besides the cyanide certain 
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chemicals are added to aid in the solution. About three tons 
of ore are treated at once, and the precipitation proceeds very 
rapidly. The gold and silver are deposited as amalgams. Tlie 
exhausted material is drawn from the bottom of the vat and 
run into a settler from which the solution is recovered. 

Explanations of the electrochemical changes of the cyanide 
process are largely conjectural. Potassium cyanide in solution 
is decomposed into cyanogen and potassium, and water into 
hydrogen and oxygen. Potassium and water coml)ine to form 
caustic potash, with the liberation of hydrogen, while hydrogen 
and cyanogen form hydrocyanic acid. The double cyanide of 
gold and potassium is split up into cyanide of gold and potas- 
sium hydroxide, and gold is precipitated, probably by the action 
of hydrogen — 

2Au (CN)^ + 4H = 2Au + 4HCN. 

Potassium cyanide may be regenerated l)y the reaction of hy- 
drocyanic acid and potassium hydroxide. According to the 
theory of electrolysis the gold is dissolved only at the anode, 
though solution may take place away from the anode by inde- 
pendent chemical action. The fact that oxygen is liberated at 
the anode gives ground for the view that chemical action is 
assisted by the current, thus: 

4KCN + 2Au + O + li;,0 = 2AuK (CN), + 2KOiI. 

The solution of the gold is much more rapid in the electro- 
cyanide process than by the action of cyanide alone. 

The chief advantages of the electrolytic methods are that 
time and labor, are saved, the cyanide is economized and zinc is 
dispensed with entirely. The gold residue is much cleaner than 
that obtained by zinc. 

Among the various other substances that have been used to 
precipitate gold and silver from cyanide solutions are zinc amal- 
gam, aluminum, charcoal and cuprous salts. 

The spent cyanide solution is pumped into a storage tank and 
restandardized for further use. 

Treatment of the Auriferous Residues, --Cto\d that is de- 
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IHKitctl Upon zinc is removed, as far as possible, by shaking the 
shavings in water and sifting.. The residue is dried and 
smelted, or first treated with dilute sulphuric acid to dissolve 
the zinc and other impurities. It is then washed with hot 
water, ami after tlecanting the wawshings, the remaining liquid 
is separate<l by hltralion, and the residue is melted for bullion. 

THE REFINING OF GOLD 

'fhe imritication of gold involves the separation of base im- 
pui'ities and desilverization. The latter process is called part- 
in</. In rarer instances the metals of the platinum group are to 
he separated, d'lie Iiasc metals are usually almost completely 
removed before parting. This is done by fusing the gold in 
crucibles with borax, niter, .sulphur, or whatever chemical sub- 
stance is needed to comliine with and flux the metals present. 
Alloys rich in copper are fused with sulphur, whereby the cop- 
per is separated as cuprous sulphide (Roessler’s method). The 
parting oi gold and silver may be effected in many ways. The 
more important only need he noted here. 

Chlorine Parting.— The alloy is melted in a clay crucible with 
a small tiuanlity of borax. Dry chlorine gas is passed through 
the eliargc by means of a clay i)ipe until the silver and any base 
metals are converted into chlorides. Gold may be rendered 
almost alKsolulely pure in this way, but the method is expensive. 

Sulphuric Acid Parting.— This is one of the cheapest and most 
common methods of parting. Gold-silver alloys are either 
mixed or more silver is added to an alloy until the mixture has 
the lumper proportion of the two metals for the action of the 
aei<l Abiding the silver is termed inquartation. The alloy is 
then converted into a thin slab or granulated by pouring it 
from tlie crucible into cold water. This is done to bring a large 
surface area in contact with the acid. The silver is dissolved 
by digesting the granules in an iron pot with hot sulphuric acid. 
Idle solution is drawn off and the gold is treated repeatedly 
with hot. concentrated sulphuric acid. Further purification 
may !)C effected by fusing potassium bisulphate with the gold 
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and leaching out the silver siil[)hale with water, i he parting 
may also be done with nitric acid, but this is not much used 
now. 

Aqua Regia Parting. — 'Phe highest degree of purity is obtained 
by Roessler’s method which consists in dissolving the otherwise 
partially purified gold with aqua regia. The silver is ct^nverted 
into insolulde chloride, and the gold is precipitated Iroin tlie 
solution with ferrous sulphate. 'Phe gold may be <)<)<) tj/i(KH) 
pure. 

Electrolytic Parting and Refining, d'hough comparatively 
new, electrolytic methods are in general use among refiners ami 
at the mints. In parting gold and silver liy electrolysis the silver 
is recovered in a pure condition. If more than 40 jier cent, of 
gold is present silver is added. 'Phe impure alloy is cast in the 
form of thin plates to be used as anodes. I'he amxles are en- 
closed in muslin bags and su.spended in a solution containing 
about three per cent, of silver nitrate and two jier cent, of nitric 
acid. The electrolyte is held in porcelain or stone -ware vessels, 
and is agitated to keep it uniform in composition, d'he silver 
dissolves and is precipitated by a dense current on catluxles of 
pure rolled silver. Mechanical scrapers are emiiloyed to prevent 
the growth of silver cry.stals from causing short circuits. 'Pile 
electrolyte is treated from time to time as it liecomes contaminated 
and impoverished in acid. It is generally discarded after ]>re~ 
cipitating the silver from it with copper, d'he gold is recovered 
in the bags, and may be purified by lioiling with acids or elec 
trolytically as outlined below. 

In the final purification of gold by electrolysis it is cast into 
wedge-shaped anodes which are suspended in a solution contain- 
30 grams of gold chloride per liter and a small amount of 
free hydrochloric acid. Thire gold cathodes are used, ami tlie 
vessel for holding the electrolyte is of ]>orceIaim 'Phe gold is 
deposited as a spongy mass, the silver being preci]>itated as 
chloride and the base metals going into .solution. 'Phe silver 
chloride has a tendency to stick to the cathodes, and must fre- 
quently be removed. 'Phis has recently been effected by using 
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an alternating current in connection with the direct current, 
which gives a pulsating eifect. The strength of the direct cur- 
rent is al)()ut 70 amperes per square foot. The electrolyte is puri- 
fied at intervals. In addition to the base metals it may contain 
metals of the iilatinum group. Platinum may be precipitated by 
adding ammonium chloride, forming ammonium-platinum chlo- 
ride, and palladium by adding potassium chloride and potassium 
permanganate, which precipitates red ammonium-palladium 
chloride. 


CllAPTKR X.W’III 


NICKEL, ALUMINUM, MANGANESE AND EAEEE METALS 

NICKEL 

Ores, — Nickel occurs chieHy as silicate, sulphide, and arsenide. 
The principal ores are (iaruierile, occurrin^^ in silieious rocks, and 
magnetic pyrites, '.riie ore usually {‘ontains more iron or 
copper than nickel, Init the nickel represents tlie main value in 
most cases. Arsenic is also frc([uently found with nickel and 
also small quantities of antimony and chronuuin. The aint)unt 
of nickel in different ores is exceedingly variable, ranging from 
less than i to more than 50 per cent, d'he largest known de- 
posits are in New Caledonia and Sndhury, tkinada. 

Properties.— Nickel is of a grayish-white color and is highly 
lustrous. It is exceedingly tenacious and tough, and is both 
malleable and ductile. It is harder than iron (U* copper and in 
malleability it is inferior to these metals. 'Phe melting point is 
1,600*^ C. Nickel alloys readily with most metals and it may he 
welded to itself and to iron. When in the molten condition 
nickel occludes carbon monoxide and other gases. In eoiutne™ 
tivdty it ranks next to zinc. It is slightly magnelie, 

In both its ])hysical and chemical properties nickel appears 
to be intermediate between iron a,nd co|)per. It is unchanged 
in either dry or moist air at ordinary temperatures. It is readily 
dissolved ])y nitric and slowly l>y hydrochloric and sulpluirie 
acids. There are two oxides of nickel of which the monoxide 
(NiO) is the more important. ITis may ha formed directly 1 w 
heating metallic nickel, or by heating either the sulphide cn* tlie 
arsenide in an oxidizing atmosphere. Both tlie oxides are redu- 
cible by carbon at a temperature 1)elow the melting p(nnl of nickel 
With silica nickelous oxide forms a fusible silicate. Nickel sul- 
phide occur.s naturally and it may i)c prepared by heating nickel 
with sulphur or certain other sulphides, and hy reducing the sul- 
phate with car])on. It may ])e decomposed by heating with it 
metallic copper, the products being nickel and cuprous sulidudes. 
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inciting togethei the sulphides of nickel, copper and iron with 
sodium sulphate or sulphide, the copper and iron sulphides form 
<i uMclily fusible mixture with the alkaline salt, while the nickel 
sulphide is fused with more difficulty. In consequence of this 
the coppei matte separates more or less completely from the 
hcMviei nickel matte. By roasting* these sulphides with salt the 
coppci may be chloridized and the nickel with the iron converted 
into oxide. Nickel combines readily with arsenic. The arti- 
ficially concentrated arsenide is known as nickel speiss. 

Extraction of Nickel. — A number of methods have been pro- 
posed for the recovery of nickel from its ores and furnace 
products. Ihese fall under the general heads of smelting, wet 
and electrolytic methods. The general run of nickel ores yield 
most readily to sm, citing, though the other methods have been 
practiced quite successfully. The usual smelting process con- 
sists in concentrating the nickel into a matte or a speiss by 
roasting and fusing, then roasting the concentrate to free it 
from sulphur or arsenic, and finally reducing the nickel with 
carl)on. The character of the ore‘, of course, largely determines 
the method of treatment. In most ores the content of nickel 
is very small, often below five per cent. Iron and usually cop- 
per are present in sulphide ores, and in silicious ores an over- 
whelming mass of silica must be dealt with. The metallurgy 
of nickel is often associated with that of other metals, and the 
operations pending its final isolation may be long and tedious. 

v4ulj>hi(le ore is roasted in a reverberatory furnace to expel the 
exces.s of sulphur, leaving enough to form the matte. If cop- 
per is not present the iron is fluxed with silica and the nickel 
matte separates. The smelting of the matte may be conducted in 
a reverberatory furnace, hearth or Bessemer converter, the sil- 
ica being supplied from the ore itself or from the lining of the 
furnace. If copper is present the treatment thus far is similar. 
But the matte contains, beside the nickel, most of the copper and 
some iron. The bulk of the iron is separated by an oxidizing 
fusion with a silicious flux. The residue is then fused with an 
alkaline salt such as soda ash or salt cake, which serves to dis- 
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solve or absorb the sulphides of copper and iron. The nickel 
sulphide, being heavier, settles to a lower level, and the two 
masses may be separately tapped. The concentrated nickel 
matte is roasted in a reverberatory furnace. The product is 
nickel oxide, since the oxide and sulphide of nickel do not react 
to liberate the metal as the corresponding compounds of copper 
do. The oxide is charged into crucibles or miiifles with carl)on 
and smelted for nickel. 

Oxidized or silicious ores are sometimes smelted directly in 
blast furnaces with coke to produce an alloy of nickel and iron. 
A process has also been in use for making nickel steel, in which 
the nickel ore is charged with the iron into an open hearth fur- 
nace. 

Wet and electrolytic processes are also in use for the extrac- 
tion of nickel. These, though rarely ever adaptal^le to raw 
ores, on account of the impurities and the low content of nickel, 
have had considerable application in working up nickel-])ear- 
ing products. Wet methods usually look to the solution of the 
nickel in hydrochloric or sulphuric acid, its sub.seciuent , precipi- 
tation and final smelting. Having obtained the solution, the 
metals of the copper group may be separated l)y means of 
hydrogen sulphide. Iron may then be separated by oxidizing 
the solution and adding calcium carbonate. This also throws 
down any arsenic. The nickel is recovered from the solution 
by crystallizing it as the sulphate, or by precipitation with cal- 
cium hydroxide or soda. 

Electrolytic methods have been successfully used for ex- 
tracting nickel, especially from alloys or mattes containing cop- 
per. Ulke has described a process for treating a matte con- 
taining about 40 per cent, each of nickel and copper. 41 ie matte 
is cast directly into anodes, and the electrolyte is an acid solution 
of nickel sulphate. The cathodes are of sheet copper. Upon 
these the copper is deposited from the solution as the anodes 
are dissolved. The nickel sulphate is recovered from the solu- 
tion by crystallization when it has accumulated in sufiknent quan- 
tity; or instead, it may be precipitated as above or by electrolysis. 


METAI^LURGY 


345 


If electiolysis is adopted the solution is rendered slightly am- 
moniacal, and anodes of carbon or lead are introduced. The 
nickel is deposited upon cathodes of sheet nickel. 

Nickel., as it comes from the smelter, is never pure. One of 
the more usual methods of refining consists in fusing it in 
crucibles and adding magnesium. This reduces any oxides 
])resent, the magnesium burning away or entering a slag. Man- 
ganese is employed to remove sulphur from nickel. 

Cobalt is often associated with nickel, and it is recovered by 
similar methods. It somewhat resembles nickel in its properties, 
and though comparatively rare its use is being extended. 

ALDMINTJM 

History. — The existence of aluminum was suspected some 
time before it was actually discovered. Davy, in 1807, prepared 
aluminum chloride, and then attempted to isolate the metal, with 
the aid of electricity, having already succeeded in separating the 
alkali metals in this way. Though this experiment was not 
successful, it is an interesting fact that electrical methods are 
now used exclusively in the manufacture of aluminum for the 
market, yet in the meantime it was manufactured by purely 
chemical processes. It is believed that Oersted succeeded in 
])reparing aluminum amalgam, in 1824. His experiment con- 
sisted in heating aluminum chloride with potassium amalgam. 
This lead to Wohler’s experiment (1827) in which he decom- 
posed anhydrous aluminum chloride with potassium and ob- 
tained small globules of aluminum. The same principle was 
made use of by Deville, Percy and others who developed proc- 
esses for manufacturing aluminum. The fluoride of aluminum 
was substituted for the chloride and sodium was used instead of 
potassium, as it was cheaper. The manufacturing cost was 
greatly lessened by Castner, who cheapened and improved the 
processes for making aluminum chloride and sodium. The iso- 
lation of aluminum by electrolysis was accomplished in 1854 by 
Bunsen and Deville, who worked independently of each other. 
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They used the double chloride of alumimun and sodium, which 
they electrolyzed while in a fused condition. 

Ores.— Though aluminum is the most abundant metal in nature, 
the materials from which it can be economically prepared 
are at present limited. The only ores of importance are Bauxite 
and Cryolite. The former is a mixture of the hy<lrated oxide.s 
of iron and aluminum and the latter is the double Ihioride of 
sodium and aluminum. 

Bauxite is prepared for smelting by grinding and dissolving 
the alumina with caustic soda, the j:)recipitatcd iron oxide being 
filtered otf. The aluminum is precipitated as hydrate by agitat- 
ing the solution. The precipitate is recovered by filtration, and 
is dried and calcined to alumina. 

Properties. — Aluminum has almost the whiteness of silver, 
though a slight tinge of blue is generally present, due to im- 
purity or to forging. The tensile strength of cast aluminum 
is 17,042 pounds per square inch, elongation three per cent. 'J'he 
tenacity is improved by working. The pulling strengtli of a 
wire which was warmed was 35,500 pounds (Schnabel). 
Aluminum can be worked cold, its best forging temperature being 
about 200° C. It becomes brittle at higher temperatures and 
melts at 625° C. (Be Chatelier). It is volatile at .still higlier 
temperatures. Aluminum alloys with most metals. 'The specific 
gravity is 2.58. 

Aluminum is not appreciably oxidized in either dry or moist 
air at ordinary temperatures. At high temperatures it becomes 
coated with oxide, and if the finely divided metal is kindled it 
burns with great brilliancy. Under such conditions if it be in 
contact with certain metallic oxides such as those of iron, man- 
ganese, copper, lead and chromium, the aluminum is converted 
into alumina and the other metal is reduced. The oxide of 
aluminum is not reduced by carbon except in the electric furnace. 
Aluminum is not precipitated from any aqueoug solution by any 
metal or by the electric current, but it is precipitated electrolyti- 
cally at a temperature of goo to 1,000° C. from a bath of cryolite 
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to which alumina has been added. The melted cryolite dissolves 
the alumina. 

Aluminum is difficult to weld on account of a film of refrac- 
tory oxide that forms when it is heated. It may be welded auto- 
^rciiously by using a flux that will form an easily fused com- 
pound. ihe alkaline chlorides have been found to answer this 
purpose when used in connection with the oxy-acetylene flame. 

Alummum Smelting. — Since the development of electric 
processes the reduction of aluminum by sodium has been aban- 
doned. Two processes have been used in this country for the 
production of aluminum on the large scale — The Cowles 
Brothers’ process and the Hall process. The Cowles Brothers’ 
process was patented in 1885, and their first plant was put into 
operation in Cleveland, Ohio. The process consists in reducing 
aluminum from the oxide in the presence of another metal, 
which metal absorbs the aluminum at the moment of its libera- 
tion. The product is therefore an alloy. The original furnace 
is a rectangular box lined with fire-clay, through the opposite 
sides of which the current is conducted. Into this a mixture 
of alumina and charcoal with the alloying metal is charged. The 
conductors for the current terminate in bundles of carbon sticks, 
which are placed near each other and imbedded in the charge. 
A powerful current being turned on, the carbons first become 
heated and then heat is generated in the mixture, due to the re- 
sistance. Reduction and fusion follow, carbon monoxide being 
liberated. The alloy is tapped from the furnace, and more 
aluminum or more of the other metal is added to bring it to the 
composition desired. The extent to which electrolysis takes 
place in this process is not known, but the reduction is sup- 
|)Osed to l)e almost entirely chemical. 

In the Hall process aluminum is reduced from alumma in a 
molten bath of cryolite, and deposited by electrolysis. The 
alumina is dissolved in the cryolite, salts of the alkalies being 
added to make the bath more liquid. The furnace used is of 
the crucible form, and the heat is generated by the electric re- 
sistance in the bath. The anodes, which dip into the bath from 
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above, are of specially prepared carbon, and the crucible itself 
is the cathode. The carbon from the anodes combines with the 
oxygen from the alumina, the weight of carbon consumed being 
about equal to the weight of aluminum deposited. As the bath 
becomes impoverished alumina is added. 



Fig. loo. 


Fig. 100 shows the arrangement of an aluminum reduction 
furnace. It consists of an iron box lined with graphite, form- 
ing the cathode, and graphite anodes supported on a metal con- 
ductor as shown. 


MANGANESE 

. Manganese was discovered in 1774 by Scheele, a Swedish 
chemist. It was not, however, until the early part of last century 
that much attention was called to it. Heath appears to have first 
manufactured manganese for the purpose of alloying it with 
iron, and to appreciate in a scientific way its value in steel mak- 
ing. It was not, however, until after the introduction of the 
Bessemer process for making steel that the manufacture of 
manganese on the large scale was begun. 

Ores. — The only ores of manganese of importance are the 
oxides. These are known as Pyrolusite (MnOo), which is also 
called black oxide of manganese, and Hausmanite ( 2 Mn 04 - 
MnO^,)- Manganese ores are widely distributed though not 
abundant. They are mined in the Eastern states and in Canada. 
The main supply to this country comes from Brazil and Cuba. 

Properties. — Manganese has a light-gray color, and the 
fracture shows a fine granular structure. It is hard and brittle 
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It ^jmnlaiK'dusly in the air and rapidly at high terapera- 

inn'^. At a red lu'itt it amihines with nitrogen. 

\ aii.tditiit! is ttsnally prejiared as an alloy with iron. This 
f. timii- li\ I'rdneing tlie <ixide in an electric furnace with car- 
Imu, Miiltcn iiani is added to prevent o.xidation of the vanadium. 

It may alsu he reduced in :i crueihle with aluminum, the principle 
lu'iiig the same as that used in (loldschmidt’s experiineirt. (See 
p 

Bismuth is finual sparingly in the native state and alloyed with 
gtdd. .\iiittiig the nunieruus combinations in which it occurs 
arc the «»\itlc. sul]ihide. carbonate, selenide, telluride, vanadate 
ainl uraiiate. 

!lisinui!i is a lustruus, light-gray metal with a pinkish tint. It 
somewhat resembles antimony, but has a decidedly different 
fracture aitd is both crystalline and sectile. The specific gravity 
is tiini tile melting point 270° C. On cooling from the 
meheti state it expands to about 2.3 per cent, of its volume. 
Hisimitli alloys witli most metals, is constant in dry air and at 
a retl lietit it burns with a bluish flame to the yellow oxide. 

In the preptiration of bismuth the ores are crushed and washed 
or eoneentiated hy other methods, ores containing sulphur, ar- 
M'liic or antimony being roasted. The concentrate is smelted in 
enu'ildes or small reverheratories with coke. Soda or some 
other easily fusetl flux is added to combine with the gangue and 
rdiviate the necessity of prolonged and high heating, which would 
cause serious loss hy volatilization. The reduction is effected at 
a (lull re<l heat, after which the temperature is raised quickly to 
melt the entire charge. After inuring the crude bismuth is 
separated from the slag tind possible secondary products. 
Ivilher matte or speiss would contain bismuth, which may be 
separated by roasting and .smelting as with ore. 

llismuth is also recovered in the wet way by digesting the 
ore with strong hydrochloric acid, and after filtering off the 
insoluble gangue. adding iron to precipitate metalhc bismuth, or 
the oxyehloriile may he precipitated by diluting the solution with 

water. 
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The rclining of bismuth somewhat rcscml)lcs lead retiuini^. 
Owing to its weak aftinity for oxygen insmuth may he |Htriiie<l 
by heating it in an oxidizing atmosphere, when tlie impurities 
are separated in a dross or by volatilization. 

The chief apidications of ])isinulh are in (he manufacture of 
alloys, special mention of which is made on p. 

Platinum.— 'idle only ore of platinum is native. it is usually 
alloyed with the other metals of the platitunu group. Among 
these the best known are iridium, rhodium, palladium ami 
osmium. Platinum is usually recovered from alluvium, in 
which a natural concentration has taken place. It lias been 
found in tlie go](l-])caring sands of California, Canada, Mexico 
and elsewhere, Hy far the most important de})osits of platinum 
yet discovered are in the Ural Mountains. 

The chief properties to which plalimnn owes its appliealiims 
are its high fu.sion point, malleability and its inertness toward 
chemical agents in general, it is about as hard as copper 
and can he worked cold. ‘The melting point is about 1,775 
C. Platinum is not oxidized at any temperature nor is it aete<l 
on by any single acid. It is attacked and dissolved by aipieons 
solutions containing chlorine. 

In the extraction of platinum the ores are concentrated hy 
washing, and then smelte<l or treated by a leaching pnn'ess. 
If the former method is used the ore is smelted in erueihles with 
lead or lead-bearing material, and the work-lead obtained is 
cupelled. With .sufliciently high temperatures, as are attainable 
in electric furnaces and with the oxydiydrogen flame, platinum 
may be removed from the ore gangue l)y simple fusioii. The 
usual method for extracting it is to treat the ore with aqua 
regia, which converts the metal into a .solulde chloride. After 
prolonged digestion the li([uid is separated from the gangue and 
ammoninm-platinic chloride is i)recipitated by adding amuttmium 
chloride. The preci})itate is dried and tlie platinum is recovered 
from it in an electric or oxy-hydrogen furnace. 



CHAPTER XXIX 


ALLOYS 

The manufacture of alloys is a very ancient art and one 
which has been known even to uncivilized people. No doubt 
many of the ancient alloys, of which preserved specimens bear 
record, were supposed to contain but one metal, or else no 
method was known by which the components could be separated. 
The existence of some alloys might be accounted for by the 
smelting of mixed ores or ores containing more than one metal. 
Brass was made long before zinc was recognized as a separate 
metal by smelting together ores of copper and zinc. Bronzes and 
alloys of the precious metals are common examples of early 
manufacture. The Phoenicians traded in bronze many centuries 
before the Christian Era. They produced alloys of fine quality 
and in wonderful quantities. Excellent alloys for fine art work 
have been made in China and Japan for untold generations. 
While the manufacture of alloys for ornamental purposes has 
been handed down from the ancients, the development of the 
more useful properties in metals by alloying is peculiarly a mod- 
ern practice. 

Properties. — The great alterations in the properties of metals 
when alloyed has been previously shown. It has also been 
shown that many of the most useful properties may be devel- 
oped in this way. Some idea of the possibilities along this line 
may be formed by considering the great number of mixtures 
of the common metals that are possible if the ratios be varied. 
The properties of an alloy can not be anticipated from a con- 
sideration of the properties of its constituents. In binary al- 
loys some of the properties may be intermediate between those 
of the two metals, while the other properties dififer entirely 
from those of either. The color is in some instances what would 
be expected from the colors of the separate metals, but there 
are numerous instances in which the color bears no relation at 
all to that of either constituent. The tenacity, elasticity, ductil- 
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ity and hardness may fall between or be either greater or less 
than those properties in the single metals. The fusion point is 
usually lower than tlie mean of the two and often below tliat 
of the more fusible metal. Klectric conductivity is generally 
diminished by alloying, sometimes to a remarkable degree. 

In respect to their chemical nature the most imiiortant pro])" 
erty of alloys is their resistance to corroding agencies. A rela- 
tively cheap metal having desirable physical pn)i>erties may be 
protected by alloying a more permanent metal with it. As 
viewed from the other. standt)oint, a metal may become less re- 
sistive to the attack of chemicals when alloyed with an electro- 
positive metal, provided actual dirfusion has taken place, if 
liquation has occurred the attack ui>on the electronegative metal 
is accentuated by electrolysis. Practical illustrations of this are 
found in alloys which liave become pitted on exposure to the 
atmosphere, salt water or chemicals. Hut it does not follow tliat 
the durability of alloys under different coiulitions is determined 
by their durability under definite conditions, 'riic acid test may 
serve a useful and specific purpose, but it i.s highly irrational to 
suppose that such a te.st will determine the relative durability of 
metals or alloys under atmo.spheric or other varying condititais. 
The practical resistivity of metals is often greatly increased by 
an adherent, insolulile coating, itself the product of corrosion. 

Conditions Under Which Alloys Are Fomied.—Tlie most famil- 
iar method of alloying metals i.s that of melting them together. 
It is not always necessary that both he fused, liecause the fluid 
metal may dissolve the solid otic. Mercury, for example, will 
alloy with gold or .silver in all proportions without the aid of 
heat, forming solid or licjuid amalgams. Many alloys have Iieen 
made, sometimes accidentally, liy smelting together ores of difler- 
ent metals, alloys in a few in.stanecs resulting from the mingling 
of metal vapors or from the contact of vapor and solid. 

The union of metals may lie lirought about at ordinary tem- 
peratures l)y conijircssion. Head and tin unite under compar- 
atively light pressure, while sucli brittle metals as antimony 
and bismuth may 1)e alloyed by subjecting them to powerful 
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pressure. 'Phis does not seem surprising in view of the prop- 
erty ot ilow which is thus brought into play.^ That metals pos- 
sessing the [iroperty of flow to a high degree will alloy at ordi- 
nary temperatures and without pressure has also been shown. 
Roberts Austen determined the rate of diffusion between gold 
ami lead at dilTcrent temperatures, and obtained the following 


figures : 

niirusit)ilily of gold in fluid lead at 550° 3.19 

Dilfusihility of gold in .solid lead at 251° 0.03 

nitTusibility of gold in solid lead at 200° 0.007 

Uitfusibility of gold in solid lead at 165° 0.004 

IHlTusd)ility of gold in solid lead at 100° 0.0 


1 )ises of gt^ld and lead which had been clamped together for a 
perii)d of four years were found to be united, and assays of the 
leatl showetl that it contained gold in diminishing amounts with 
the depth at which samples were taken. 

Allnys niuy ho made by the simultaneous precipitation o£ 
metals from their solutions by electrolysis. This method has 
liut limited applioalion, since there are but few groups of metals 
that are ])recii)il;ited under the same conditions. The common 
method of ]>latiiig with brass is by the electro-deposition of cop- 
per and zinc from their solutions. 

Constitution of Alloys.— Careful and exhaustive research has 
brought out much interesting and useful information regarding 
the nature of tdloys. The views now generally accepted were 
advaneed by :i number of investigators since the middle of last 
eeuttu'Y, :uid the present development of the science of alloys is 
due hiVgely to the work of Roberts-Austen whose memoir was 
puhlidied ill the nnulish Institute of Mechanied Engineers, Pro- 
ceedings of the Roval Society and elsewhere.^ _ ■ 

It is observed that in alloys the identity of the constituent 
metals is lost, and in effect, new metals are formed with prop- 
erties which mtiy bear no relation to the individual metals. In 
some insttmees there is a blending of the properties, representing 

niib’iriidimlwork, -Introduction to the Study of Metallurgy,” was 

flffti pubUihefl iw 1890. 
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somewhat a mean between those of the separate metals, but this 
is not the rule. The best available explanation ol tlic phenomena 
which alloys present is im]>lie<l in the word dilfitsioji and in its 
antonym li(juaiion. This view was given in i8(h) by Matthies- 
sen, who concluded after long experimental research that “most 
alloys are merely a solution of tnie metal in another; that only 
in a few cases may we assume chemical coinbinatit)ns.” Having 
regarded metals as possessing ]>roperties in cemnnon with liquids, 
the analogy between alloys and aqueous or other solutions is but 
logical. A sul)stance in a<]ueous solution disappears so com- 
pletely as not to be recognized by the highest magniheation, and 
it can not be separated fnun the soluticm by mechanical means 
other than crystallization, which may he accontplislted by cooling 
or evaporating the solution. No constituent of a true alloy can be 
separated by mechanical itieans other than crystallization, to use 
the term in a Iwoad sen.se, and no individual metal in a true alloy 
can be recognized by the highest magnifying power. Reasoning 
from the theoretical standpoint, ionizatioit should take place in 
metal solntions just as in aqueous .solutions, ])ut experiments 
have so far failed to indicate that it does. Attempts have been 
made to precii)itate metals from molten alloys or lluid amalgams, 
Imt in no instance liave these .solutions conducted the current as 
electrolytes do Imt rather after the maitncr of single metals. 
Nor has any separation been o])served. 

The phenomena attending coeding and freezing present the most 
striking analogy between alloys and <uher solutitms. If an 
aqueous solution, containing 23.6 per cent, of salt, is cooled no 
freezing takes place until a temi>crature (vf — 22“ C. is reached, 
when the water and .salt separate and crystallize, forming a 
conglomerate mass of thin plates of salt and ice. If a more 
dilute solnlion is cooled ice I)egins to form at a temperature lower 
tlian, ])ut ai>proaching, the true freezing point of water as the 
dilution is increased. 1'he crystallization of winter continues 
until the temperature ~22^' is reached, at which point the solu- 
tion is concentrated to the ratio of 23,6 per cent, of salt, and 
freezing of the entire mass occurs as above described. If a more 
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concentrated solution is cooled crystallization of the salt takes 
place until, at - -i2'’ the 23.6 ratio is established, and the separa- 
tion and freezing occur as before. It is observed that the com- 
posili(»u of the mother liquor at the freezing point is constant 
regardless of the initial composition of the solution, and that the 
freezing point of the mother liquor is constant. When it 
freezes its constituents are in the eutectic ratio, the frozen 
mother litpior being called a cutcctic. This term was introduced 
by (luthrie t(^ indicate the constituent in a solution which has the 
hnvest freezing point of the series. When alloys are cooled from 
tile li(|uid tt) the solid state one or more constituents may separate 
with the fornnition of a conglomerate, or there may be no sep- 
aration, the result being a solid solution. When separation takes 
]dace freezing begins with the constituent having the highest 
meltiitg point and ends with the freezing of the eutectic or the 
eoitstituent having the lowest melting point. The freezing 
points (d the constituents that separate are lowered as in aqueous 
solutions and the eutectic freezes at a constant temperature, 
d'he composition of the eutectic in alloys is also definite, but this 
bears no relaticm to atomic ratios. In aqueous solutions the 
eutcetie is the solidified mother liquor; in alloys it is the solidi- 
ticd mother metal and may consist of a single metal, of metals 
or ctanpomuls interstratified or of metals or compounds in solid 
scdiition. 

In view of their eommerical aspect it is difficult to lay down a 
eompreliensive definition for alloys, since these must include 
mixtures of metals and of metals and compounds in which. 

Mr St, solution is complete, no constituent having separated 
when the alloy l)ecame solid. This class represents the true al- 
loys ami those of the highest degree of uniformity in com- 
position, tlunigh the composition may vary as it does with dif- 
fused Ikjuids and even gases; 

Sccund, solution is incompkte, free metal, solution or com- 
riouml having separated durinf: the solidifying process. As a 
rule, these alloys arc less useful than those of the first class, 
hfing lower in tensile strength, ductility and malleability. 
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The separation of a substance from solution in an alloy is 
known as liquation, segregation or selective freezing, and is due 
to insolubility. Since the solvent power of metals diminishes 
with their temperature, alloys are very apt to change in com- 
position while cooling, the constituents separating in the reverse 
order of their solubility and solidifying in the order of their 
fusibility. The two properties here involved bear no relation to 
each other,, some metals of widely diifering melting points being 
readily diffusible and others, which melt at near the same point, 
have but little alloying affinity. 

When liquation takes place the behavior of the different con- 
stituents is determined by such properties as fusibility, viscosity, 
specific gravity and crystallizing tendency.^ Some practical ap- 
plications of the principles here involved may be cited as illus- 
trations. In the Pattinson desilverizing process pure lead 
crystallizes from the bath in which silver is dissolved, and by 
reason of its lower specific gravity rises to the surface. The 
separation of lead and zinc, is almost completely accomplished 
by slowly cooling a fused mixture of the two metals, the zinc 
composing the upper stratum. It is the practice in mints to 
sample alloys of gold and silver while in the molten state in 
order to prevent error due to liquation. When liquation has 
taken place between metals of widely differing melting points 
their actual separation may ])e accomplished by heating at a tem- 
perature slightly above the melting j:)oiiit of the more fusible 
metal, as is done in the so called "'sweating processes.” The liqua- 
tion or segregation of dissolved metals and compounds in steel 
ingots has long been recognized as the disturbing factor to uni- 
formity of composition and properties. In meteorites and 
other native ores splendid examples of lic[uation are afforded. 

Temperature Curves. — One of the best methods for investi- 
gating the nature of alloys is that of determining their rate of 
cooling. The temperature of a cooling or heating mass of alloy 
is affected by any physical or chemical change that takes place 
^ Perfect crystals are rarely formed owing to the viscosity of metal 
masses. 
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within it, and this may be shown graphically by means of a 
continuous curve which represents the rate of cooling or heating, 
i he cooling curve only is discussed here, because it is in more 
general use and is more easily obtained than the heating curve. 
1 he most accurate curves are made with the aid of a' recording 
tliennometer or pyrometer, though they may be plotted satis- 
factorily without the use of recording apparatus by marking the 
temperature units as ordinates and the time units as abscissas on 



cross-ruled paper. If the temperature readings are marked at 
short intervals of time a fairly accurate curve may be plotted by 
comiecting these points. 

When a su])stance which does not undergo physical or chemi- 
cal change is cooled from a state of fusion to the freezing point 
the line of cooling is plotted as a continuous curve, like the line 
AB in Fig. lOi, which represents the cooling of a pure metal. 
Freezing being an exothermic change, further cooling is checked 
until the entire mass has solidified, and the line takes the hori- 





zontal direction, BC. Cooliiif*;’ below the freezing point gives the 
smooth curve, CD. It often happens that a substance will not 
begin to solidify until it has cooled somewliat below its freezing 
point, and in such cases the temperature rises to the normal when 
freezing begins. This phenomenon is known as sttrf nsiifit. in 
Fig. loi surfusion is indicated by the dotted line, S. Fig. nu rep- 
resents the cooling of an alloy, containing two metals, a and />. 
The smooth curve is interruj)te(I at .r when a begins to frt'cze. 



This point is determined by the solubility of a in h. It is raised 
or lowered as the proportion of b in the alloy is inereasetl or di- 
minished, and sinee the proportion of b begins to increase from 
the moment a l)egins to freeze the solubility nf a is progressively 
increased, i c., its freezing point is progressively lowered. The ef 
feet of the freezing of a is, therefore, most marked at tirst, and 
is indicated by a jog in tlie line, hut the heat evedved is not suf- 
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iiriciit ti) ouunterl>alaiicc the loss of heat from the alloy, and its 
inlliience hecoines more aiul more feeble as the proportion of 
a diniinisiies. i he result is further indicated by a sharp reversal 
of the curve, followed by a straightening and then the resumption 
ot the normal slope. Thv freezing of the mother metal or eutec- 
tic is indicated by the line. UC\ and the cooling of the solid alloy 
hy the line, VI ). 

W hen it is desirable to study the relation of a series of alloys 
containing the same metals in diherent pro[)ortions the freezing 
pthnts in the series may I)e plotted in a curve with composition 
and temperature as eo-onlinates. h'ig. 103 shows the cooling and 
freezing point curves of a series of binary alloys. 'I'he curves, 
A and H, imiicate the cooling of the pure metals, and the inter- 
mediate curves indicate the cooling of tlie alloy series, d'he pro- 
porticai of h is increasetl in each alloy of the series, beginning 
with /. The temperatures at which a begins to freeze are indi- 
cated at (ij, a,., and a.j. When the proportion of h exceeds the 
eutectic ratio tliat metal is the first it) crystallize in the i)rocess 
of cooling* as is indicated hy tlie points, and b.. By connect- 
ing all these points the freezing point curve for the scries, acb, 
is (d)taine<l. C'urve 4 indicates that the metals are in the initial 
eutectic ratio. 1'he straight line, xy, represents the constant 
freezing pont of the eutectic. 

Chemieal and Microscopical Examination.-- In the investigation 
of alloys accurate chemical analysis is indispensalile. liy this 
means not only is the eomiiosition determined, hut in addition, 
the extent to which the composition may vary, as by liquation, 
may l>e ascertained. Analyses of separated constituents can, of 
course, only !>e ma<le wlien it is possible to obtain sct>arate sam- 
|)les, Ttiis is generally diflicult or impossible owing to the min- 
uteness of the liquated or segregated masses. In some cases it 
is pcKssihk to sefnirate the constituents of alloys hy taking ad- 
vantage of their different solubilities in chemical reagents. 
Wlten actual separation can tiot be made the structure of metals 
and alloys and some idea of their composition may ))c ascertained 
l)y aid of the microscope. For microscopical examination a 
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Specimen of metal is prepared by polishing and etching a flat 
surface. Relief polishing may be resorted to with alloys contain- 
ing hard and soft constituents, but the usual method is to give 
the surface a mirror polish, and then to treat it with some chem- 
ical which dissolves the constituents with uneciiial rapidity, thus 
bringing the less soluble ones in relief. Anotlier frequent and 
useful effect of the chemical is the development of colors with 
the different constituents. 1.1 eat tinting is sometimes employed 
for imparting color by the formation of tliin films of oxide. By 
examining the etched or tinted surface under magnification the 
observer may determine whether or not the alloy is a solid solu- 
tion by the presence or absence of crystals, h'rom the size, 
shape and arrangement of crystals knowledge is gained of the 
properties of the metal or alloy and of the treatment it has re- 
ceived. The study of the microstructure of metals was devel- 
oped to a science by vSoiiiy and Martens, wlio worked indepen- 
dently, during the sixties and seventies of last century. Reau- 
mur described the microstructure of cast iron as early as 1722. 
The modern science of the properties of metals is termed Metal- 
lography. Microscoiiic methods are chiefly used in mctallo™ 
graphic study and research. 

THE MANUFACTURE OF ALLOYS 

Alloys are prepared commercially by the fusion method, 
which is simplest and niOvSt clTeclive. fl'lie two or more metals 
may be melted togetlier or melted vSeparately and then mixed. 
A flux or covering is used with oxidizalile metals, and in some 
instances measures must be laken to jirevent volatilization and 
the absorption of gases. Processes in which one or more of 
the metals are smelted and simultaneously alloyed are common. 
On account of the difficulty with which some metals are made 
to unite and the tendency toward segregation, it is impossible 
to make some alloys homogeneous throughout. The rapid 
growth of manufactures and the high duty now required of 
metals are directly responsible for the large number of alloys 
which the market affords, as well as for their quality. 



In tlic follnwiiii^ notes attention is called to some of the more 
important industrial alloys. A classified list of typical alloys is 
jj^iven on pp. classification alloys are described 

or liste<l under the names of the jirincipal metals in the different 
|.,n*oups. 

Iron Alloys.' d'he ])rincii>al alloys of this class are the steels, 
which have already been described, d'he ferro-alloys may be 
mentioned here, thoue^h iron is a minor constituent in most of 
these. Impure iron alloys are made on the lar^e scale in blast 
furnaces by the reduction of mixed ores, and the more refined 
alloys are prei)ared in rever!)eratory, crucilde and electric fur- 
naces and by the thermit process. Alloy steel is commonly made 
l)y adding* the other met«al to the molten steel. With so large 
a ([uantity of steel as is treated in the open hearth or converter, 
the other metal may be tlirovvn into the ladle as the steel is tapped, 
d'hi.s method has the advantage that less of the alloying metal is 
oxidized, though it may l)e necessary, for the sake of producing 
a uniform alloy, to mix the metals in the furnace. Alloy steel is 
also made from mixed ores containing the required metals, or by 
reducing oxides of the alloying metals in contact with a heat of 
steel in the open hearth or electric furnace. Chrome, nickel and 
other alloy steels may be made in this way. The electric fur- 
nace is {)eculiarly ada|)ted to this method. 

Copper Alloys.-- Brass and bronze are the most important al- 
loys of tins class. Pure brass contains coj>i)er and zinc and ])ure 
bronze copper and tin. Both are .survivors of antiquity, and are 
as much jjrized now as ever for their fine ajipearance and useful 
properties. 

Brass is used extensively in the form of both castings and forg- 
ings. The *‘low’' lirasses, containing less than 6o per cent, of 
cop|KT are chiefly used in casting and for hot forging, and the 
*1iigh’' brasses, which contain iqjwards of 70 per cent, of copper, 
may be used for cold rolling, drawing and siiimiing, I'recjuent 
annealing is necessary in cold working, otherwise internal strains 
are set up. These strains may lead to ‘'season cracking,” which 
has frequently been tlie case with brass goods many months 
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after manufacture. In the manufacture of brass the copper 
is first melted or heated to near the melting point, and then the 
zinc is added. The melting is commonly done in graphite cru- 
cibles and under a cover of fused glass, fluorspar borax or other 
flux. Magnesium, phosphorus and other deoxidizers are used to 
give soundness to castings. Phosphorus is generally added in 
the form of phosphor-copper, which may be prepared by plung- 
ing stick phosphorus into a bath of molten copper. The com- 
pound, CuyP, soluble in copper, is formed. 

Bronze is prepared by melting the copper and tin separately, 
pouring them together, and stirring the mixture to give uniform- 
ity. Practically all brasses and bronzes contain small amounts 
of lead and other impurities, and there is a' lar^e number of im- 
portant alloys of this class to which other m^etals are purposely 
added. Some of these are listed in the table below. 

Monel metal is an alloy of copper and nickel containing also a 
small amount of iron and other impurities. It is prepared by 
smelting the copper-nickel ores abounding in the Sudbury dis- 
trict, Canada. When cast Monel metal has a tensile strength 
averaging about 80,000 pounds, and when rolled the tensile 
strength may exceed 100,000 pounds per square inch. The alloy 
is also highly elastic, ductile and malleable, and it compares with 
bronze in its resistance to corrosion. It has found application as 
a roofing metal and for the manufacture of seamless tubes and 
boilers in the construction of automobiles and other motor-pro- 
pelled craft. Combining as it does, strength and resistivity, 
Monel metal makes excellent propeller blades. 

Tin and Lead Alloys. — The most important among these are 
bearing and type metals, solder and pewter. These alloys are 
usually prepared by fusing and stirring the metals together in 
iron pots. Copper is introduced into alloys intended for heavy 
machinery bearings to increase the compression strength, hard- 
ness and general rigidity when heated. In most bearing metals 
there are hard compounds of tin and antimony, tin and copper, 
copper and phosphorus or other compounds, which separate from 
a softer matrix consisting of a single metal or a solid solution. 
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In \lw fullowini; t.'ihlcs are j^ivon typical analyses of represent." 
alive allt»ys. 


Iron Ai.novs.* 






i* 

m 


< Hhrr mftnN 

‘*>.1 

.bS 




i».sH 

25. 




o.lS 

4ft,* f 




t ».5 

1.5 




tt.H 

i.o 




U.5 


^■7 

W 

io ,8 

*‘.5 



Mo 




I .i> 

Vi» 

0.2 

«». *5 



Cu 

4.0 

1.0 



Mu 

12.0 

■l.fi 



W 

H.o 

0. i 

li.u 


Cn 

0.0 


45 -“ 


Cu 

ao.o 


Com*; 


KexllJU kH 
Ordinance 
RcHistance wire 
Plfttinite 
Arnuxr plate 
Projectile 
Tool 
Ttml 

(rear and shaft 

J. I. S. Inst., 1907, 2, I 

Hadfidd 

Mushet tool 

Met. Cbein. Plug., VIII, 452, 527 
AIJ.OVS. 


i’ll 

In 



20.0 

iri.o 

Hfil.M 


Ni 7 i».il» PV I.il 


■07,0 



50.0 

10.0. 


Ni 4 ti.t* 

55.** 

f'Ht.U 

45 -*» 

411,11 

. 45 ** 



65.0 



Fh 40,0 

07, *t 

ii.o 

^ A 1 5,0, M« 4.0^ 

iVt JM, l*b 1,5^ 


40,0 


Pb 15.0 


io. 1 


?S.*‘ 

77 .if 


a.V 5 

K.u 

Hi 35.0 

Pb 15.0 

l 4 o,«« 


lM.it 

Pb 9,ii, P 1,0 

Hl.o 


$ii.O 


HH.m 


ltt.il 

Mn 2,t» 

t|I.O 


t|,M 

Al 10.0 


i'.S 

3.5 



Remark M 

White button metal 
Monel metal 
Bra.HH solder 
(ycrnuin silver 
Tow brass 
Munt7. metal 
Mosaic gold 

Ajnx “plastic bron/.e ‘A’ “ 

Cramp’s special bron/.e'^ 

High brass 
Chinese art 
tJ. S. coin 
Bell metal 

P. R. R. “H” bearing metaP 
Phosphor bronze 
Heavy hearing 
Manganese bronze 
AUimimun lironze 
Gun metal 
H. S. coin 


‘ All lit llii* KR>«|» »!•« Hjicclsl Kteds. The percentHRc of iron i.s tiot 
irivrn hut il i-* fottml approximately by Hulitrnctiiig the .sum of the constit- 
Ht-ntHKiven from »•*». Tb« mnmon impurities of steel are usually present. 

' This remarkable alloy has a tensile atrength of about iss,o(k> pounds 
and an elastic limit of almut pound#. It was used for turning discs 

in the emergeiiey tlains at the I*aiiaiua Canal. 

’ The Master Car Builders standard alloys for car and locomotive bear.. 
ings have f»mi»«itioKS varying between this and that of the Apix Metals 
Company’s "plastic hrtnue," given alrovc. 
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Sn 

3.0 

4.75 

40.0 

45-5 

50.0 
8q.<) 
<S 2.0 

90.0 


Bi 

50.0 

50.0 

50.0 

Aff 

57-0 

80.0 

90.0 
95-0 


1 * 1 ) 

82 ,t» 

55 -^‘ 

5 t>.o 

20,0 


99.7 

1 * 1 ) 

31-25 

25.0 

27.0 


TiN-LKAU Al.I.nVS 

othrt mrluH 

i 5 -t» 

15.0 Hi tJ. 25 
5-“ 

13.0 Cu i.S 

13.0 Cu H,o 

Ui,<» 

As 0.3 


Hrmai k *4 

Type metal 
I\Iii| 4 u«»Hii metiil 
AiitifrietiMU metnl 
Habhitt^ 

Soft Hobli-r 
Pewter 
White luetiil' 
Hrittiuuiitt metiil 
Shot 


HiSMfTH 
S« ^'*1 

lH .75 

25.0 

13.0 


AIXOVH. 

Melts lit C. (Newton) 
Melts at 93“ C. (Uareet) 
Melts at 6o« i\ (IJpowit/.) 


Cu 

28.0 

13.0 

10.0 


Sn.VHR AbUiVS. 
tuhei metuU 

Zn 11. o* Sn 4,«» 
Zn 7.i« 

ca 5 


Hrmsrk«i 

Soft St a tier 
Hiirtl iobkr 
lb S. coin 
Jewelry 


AbbovH. 


Au 

Cti 

50.0 

50.0 

66.7 

33-3 

75'<» 


90.0 



PbATlNOM 

Pt 25.0 

ak 75.*' 

Pt 34.0 

Aj4 bh.o 

Pt 9t».o 

Ir nto 

Pt 90.0 

HU 


Krnmrks 
j 2 carat 
16 carat 
iH carat 
U. S. coin 

AbboVH. 

Dentta alltyv 
Stiinaartl resisiiinee 
Thermtectniple 
Thernitectniple 


WELDING 

The o])crati(m of wchlitiR is Itasc-il iiiidu the tliJUisihility 
mdals. As a rule, suft metals are easily welded, sduietim 
without the aid of heat, and any metals that will alloy may 
welded to each other. As usually conceived welding e.msists 
heating the pieces to render them plastic, ami tlicn joining tin 
under pressure. In many of the more recent processes of we' 
1 The compositicin of these Blloys i» qtiitc varlahlc. 
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in.i: iJvat is so concrutnitod as to fuse the points of contact. 
Siuii prtHH'sMs are tenne<l autayciunis weldinj^;. 

Pressut*!^ Welding. In the ordinary welding operation the 
pieecN to 1 k‘ united arc heated in a furnace to the proper temper“ 
aUue, and tlien pressed together hy hanunering or rolling. It is 
net t^ssar\ that the surfaces to he wehled he free from scale or 
oilu r hn eign matter in the solid form. lU)rax, ammonium 
eliluiide nr otlur tlux may he used to dissolve oxides, the slag 
tunned being s(|ueezed (nu in the operation of welding. In a 
htilt wehUtl joint the contact faces are perpendicular to the 
sin taci‘ ot tile wtu k and correspond to the thickness of the metal. 
!u a ‘dap’* welded joint the pieces are scarfed to give a greater 
area td” contact. 

Flame Welding. I'he use of the hlow-pipe has become quite 
i'onnnmi in auttigenous welding, d'he mixture of hydrogen, 
acetyli tie and other gases with o.xygen gives an intensely hot 
flame which will (piickly melt all hut the most refractory 
metalN. The acetylene flame is favored in iron and steel work, 
ha\ ing w ide application in cutting, joining and closing cavities, 
'rile supply of air and gas are regulated so as to tiroduce an 
outer, oxidizing tlame of intense heating power and an inner, 
reihvcing tlame. Hy skillful manipulation tlie surface of the 
metal to he weldetl is hnmght <|uickly to a state of fusion, and 
wliere tlnu’e is a space to he tilled metal of similar composition, 
in tile ftuin of wire <jr ro<l, is fused in. Ivxeessivc oxidation 
fia^m I Ik* onti‘r flame is to he avoided on the one hand and occlu- 
sion of reducing gases from tlie inner flame on the other. Re- 
ducing and fluxing agents in the form of {lownler are added to 
decompose refractory oxides. 

Electric Welding. T\w electric current may he used different 
ways in welding operations, fn one method the metal is heated 
to the wel<liug temperature liy conducting a high amperage cur- 
rent llirotigii it. file heat being generated hy the resistance to the 
curfi nt. in another method, making use of tlie electric arc, the 
pieces tij he joined are gripped hy hron/.e clamps, which arc 
cotmcctial with the terminals of a dynamo. One of the clanijis 



moves with the piece, so Uial any retjiiirotl ‘.paiH* i.iii he uprmh 
l)elwecn the surfaces to he joiiual. The ^ h.n init liet fi 

properly pre])are(l, are held in contacl, and the luuent ts tinned 
on. d'lie niovahle [dece is drawn hai'K to t«nin the ate I lu' 
heat (level()|)ed l)riiij>’s the snrfat*es (o the tetpuie el nanpej aim e, 
when they are pressed toj^’ether. Are weldin’.* nieiliod*. lu ulu« h 
one of the electrodes is <lelai'lu‘d Iroin the \\oik, that n can 
l)e held in any desired position, art' tlu' nit»st l uiuiunn, henii* 
more readily adapted to j^eneral retjuirenients llauui’ the 
work connected with one td’ the wires td tin* eintimt ami the 
movable electrode witl) the otlu'r wire, the eiri uit r, In st eh r ed 
on the work, and then the ek'ctrotle is wit In Ira wn to totni the 
arc. Hy moving- the electrode about thi* «»peratt»r t (itna'nt i ate^ 
the heat at any ])oint desired, lioth earhon and metal tods are 
used for electrodes. Wdien earhon is used nu'tal i-* •aipphetl 
filling cavities from a se])arate win* or rod held in flu* pntjtei 
position to he fused. With the metal eleiditnle a tlrposU is 
obtained from the electrode itself, and this gives great tlesilnliiv 
to the jirocess, making it eom]>aratively v’asv to weld twei head or 
in inaccessible places. 

Thermit Welding. 'Iliis process is the Invention «d“ thd*! 
schmidt. It employs a mixture of iron (»xiile witli puUtai/rd 
aluminum, to which the inventor gave the name "Thermit/' In 
the welding operation the (hermit is supported above tiie vvoik 
in a funnehshajied erueihle, and a sand mold is fitted ahtmt llu’ 
])ieces to he joined so that the liipiid iron whieh tills it will i ome 
in contact with enough area of Ixith piet“es to make a strong 
union. Tlie thermit is kindled wdth a mixture of alnmimmi 
barium iieroxide and the ahnnimim eonlimies \n burn with great 
intensity to alumina, and reduces the iron, A stnall ainotim of 
metallic iron is sometimes added to the thermit prevent the 
tem])eralure from running too high. Thv inm is tapped init* \hv 
mold, and coheres to the pieces which themselves hixoine soft 
ened on the surface liy the heat. The thermit proeess is used 
for welding rails and large forgings and eastings that have been 
fractured. The latter application is espeidally useful in cases 
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U'htTi* t^tlicr inctlunls oi wcUlia^ would require the dismantling 
of eunihersonie maehinery. 

PLATING 

liase metals ami those which are corrodible are covered with 
a more expensive metal tor the purpose of ornament or for 
piaaectiou against rust. The thin sheet of metal does not adhere 
to the other metrd as paints do, but it forms a surface alloy or 
molemdar union, which cements the two metals together. Such 
plating will not scale oti. The metals coj)per, nickel, silver and 
ge»ld are chietiy employed for ornamental work, and for i)ro- 
tectiim against rust, zinc ami tin are most commonly used. Lead, 
copper, nickel and brass are also used for protective plating. 

Tlic necessary cciiulitions in any ])lating process are that the 
surface of the metal to he plate<l he clean, and that the metal 
Ui he <leposited he i>ure and in the |)roper j)hysical condition 
for forming an alhw with the oilier metal, 'riiesc conditions 
are lirought about in two ways on the industrial scale. The 
metal to he plated is either dipped in a molten hath of the other 
metal cir placed as a cathode in a solution, from which the other 
metal is deposited Iiy the aid of an electric current, d'hese are 
kmuvn as dipping and electrolytic ])r()ccsses. 

Tin Plating, 'riie most important industry of this class is 
the plating of slieet iron for the manufacture of roofing and 
tin ware. Tlie sheet iron or steel, having lieen rendered hard by 
colt! rolling, is touglicned l>y annealing. The annealing is 
done in a elt»sed elianiher to check oxidation. 'Phe sheets are 
then immersed in dilnte sulphuric or hydrochloric acid to re- 
move tile scale. Tltis is termecl ‘‘pickling.” 'Hie last trace of 
acid is waslietl from the sheets after immersing them in lime 
water and rinsing, am! they are now ready for ])lating. 

Tlie tin is melted in a deep pot, a section of which is .shown 
ill Mg. KKp In tlie opening by which the sheet is introduced 
tlie tin is covered with a flux of zinc chloride and a small 
amount of ammonium chloride. The direction which the sheet 
takes is indicated by the lines with the arrow heads. The sheet 
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is turned and lifted by aid of the tool until it is j;;riii]ied by the 
first pair of rolls. Four pairs of rolls are arraiit;ed ;is sliown 
in the upper part of the pot. These rolls, revolviiif^ in the diree- 
tions indicated, carry the sheet out of tlie bath. :nid tfi'e an 
even coat of tin. The rolls are surrounded by molten pre.ase. 


A 



The flux of zinc and ammonium chlorides, throuttli which the 
sheet passes as it is introduced into the tinninj' pot, serves to 
cleanse the surface of the iron and to remove o.xides from the 
bath. The grease, through which the sheet pa.sses as it le.ave.s 
the bath, does not mix with the tin, hut prevents e.xposure while 
the excess of tin is being removed by the rolls, 'i'he sheets are 
deansed by passing them througli wheat br:m and then brush- 
ing. This is done entirely by machinery in modern plants. 

Zinc Plating.— The proce.ss of plating with zinc is commonly 
called “galvanizing,” from the fact that iron and zinc louHlier 
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form a galvanic C()U[)le. Zinc is the opposite of tin in its being 
electronegative to iron, hor this reason it is attacked first when 
the two metals are exposed to corrosive agents, and the iron is 
preserved. Zinc plate has now largely superseded tin plate for 
outside work, but it can not be used for cans in which food is 
stored, since itieat an<l vegetable acids attack zinc and the salts 
formed are poisonous. Zinc plate is manufactured both by the 
clipping and the. electrolytic processes. 

The I) ip hint/ Process.— TU q iron or steel sheets are prepared 
as for tin plating. 1'he zinc is melted in a vessel constructed of 
soft iron plates. It is covered with a flux of ammonium chloride, 
which serves as a protective coating and to dissolve oxides, 
^fhe slicets are introduced into the bath and carried through b}'" 
means of guide rolls, the speed of which determines the length 
of time that the iron is kept in contact with the zinc. With the 
thicker sheets a longer time will be required, since it is neces- 
sary for the iron to attiun the temperature of the zinc before the 
latter will adhere perfectly. 

llie Hleetrolytic /baaavsvN',— This process, which is otherwise 
known as “cold galvanizing,’’ is now carried on so successfully 
as to comj)ctc with the dipping process. Points in favor of 
cold galvanizing are that the toughness of the iron is not im- 
tjaired as is done by dipping it in the hot zinc, and that the plate 
generally adheres better, d'he electrolytic process is, however, 
slower and more costly than dipping, and it is not so suitable 
for plating articles of irregular shapes, since as cathodes they 
cause uneciual resistance of the current in the electrolyte and 
consequently an uneven deposition of the zinc. 

The electrolyte used in galvanizing is a solution of zinc sul- 
phate or chloride containitig an excess of the acid. The anodes 
are cast from spelter. In early practice much difticulty was 
met witli in obtaining an even and adherent coating on account 
of the electrolyte becoming imi)overished in zinc. A uniform 
composition with the required amount of zinc could not be 
maintained I)y any arrangement of the anodes. The difficulty 
was overcome l)y Cowper-Coles, whose process consists in 
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pumping the electrolyte through tanks containing zinc dust. A 
large amount of zinc is thus added to the solution and its 
composition is kept uniform by the circulation. 

ShcKCtfdij^ifig.- — This process, which was first described by 
Cowper-Coles, has been applied principally to plating iron. 
Zinc dust is heated below its melting ])oint in contact with the 
other metal, resulting in the formation of homogeneous plate, 
I the thickness of which depends upon the temperature and the 

I length of time employed. Iron articles to be slun'ardized are 

j pickled to remove oxide, and to prevent oxidation the ])rocess is 

conducted in a closed iron drum from which the air is exhausteil. 
The drum is revolved to kee]) fresh zinc in contact with the 
surfaces to be plated. A point in favor of this |)rocess over 
dipping is that a lower tem])erature is employed, conse([uenlly 
the physical properties of the iron are not altered to so great a 
degree. 

I Copper Plating. — dTe electro-deposition of copper is one of 

j the oldest of electrolytic |>rocesses. It lias wide a])pIication in 

I the plating industries, being generally adajitahle for the produc- 

I tion of a thin ])late. 'fhe electrolyte used is an acid solution of 

i copper sulphate. 1'he principles of copper precipitation have al- 

I ready been discussed on p]K 262-264. 

I Several processes have been devised for encasing iron with, 

j a heavy sheath of copper in such a manner as to ])ermit of 

I hot forging or cold drawing without rupturing the contact be- 

[ tween the two metals. A notably successful ])rocess is that of 

j Momiot, by which the commercially styled “copper elacT’ prod- 

ucts are prc])ared. A round billet of steel, free from scale, is 
heated in a mold through which producer gas is passed to pre» 
I vent oxidation. The billet and mold are lowered into a bath of 

co])per which is heated far above its melting, din’s gives a very 
thin coat of cojiper hut a strongly adherent one, since the alloy 
E penetrates the surface of the billet dee])ly hy reason of the 

^ high temperature, dlic mold is ()i)ened in the bath and closed 

as the l)illet is withdrawn, allowing the co|)per to- run out. The 
^ billet and mold arc then lowered into a second Iiath in whicli 

I 

! 


METAI^r^URGY 


373 


the copper is heated but slightly above its melting point. The 
mold is opened and closed in the bath and kept closed until after 
it is withdrawn and the copper has set. The copper-enclosed 
billet is then removed from the mold, reheated and rolled into 
wire rod or other shapes. Another method for producing heavy 
copper plates consists in first electroplating the billet, and then 
forging on a seamless copper tul^e, made to fit. 

The Spray Process. — A method of depositing metallic vapor or 
powder under blast pressure has been invented by M. U. Schoop, 
of Switzerland.^ The metal may be in the form of powder, 
which is heated by the blast, or melted from a strip or wire and 
‘‘atomized^’ at the same moment. The spray is driven by com- 
pressed air against the surface to be coated, forming a coherent 
and adherent deposit which may actually alloy with the surface 
of metals. 

' Met, & Chem. Bng., viii, 404 ; xi, 89. 
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